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PREFACE 



The word " guide " is defined as : 

One who leads another in any path or direction; a 
person who shows or points out the way, especially by 
accompanying or going before; more particularly, one 
who shows strangers or tourists about; a conductor; 
leader, as ''let us follow our guide/' 

This book, or ''Guide,** is so called because it leads or points 
out the way to the acquirement of a theoretical and practical 
knowledge of Electricity. 

There are several guides, each covering in detail a certain phase 
g of the broad subject of Electricity and leading the reader progressively, 
^ and in such a way, that he easily grasps, not only the simple funda- 
mental facts, but the more complex problems, encountered in the 
a. study of Electricity. This is accomplished by the aid of a very 
to large number of illustrations, together with specific explana- 
tions, worded in concise and simple language. 
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The Guides are written partly in the question and answer form, 
as this style of presentation has met with hearty approval, not only 
from those of limited eaucation, but also from the better informed, 

^ JVhere recourse is had to the question and answer ioT'm,\\ve s^ecv 
ofm o/Oe author has been to give short and direct ansu)CTS, in v 
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■plain language as to preclude a misconception of the meaning. 
With this in view, the answer glvet simply the information 
90ught by the question. 

The answer is limited to one paragraph so that the reader 
may concentred upon the fact or facts demanded by the question. 

Any enlargement of the answer or specific explanations of items 
contctined therein, are presented in separate paragraphs printed in 
smaller type. 

Wi^ this plan of separating the answer, as it were, from 
items of secondary importance, and making it short and simple, its 
content is more forcibly impressed upon the mind of the reader. 

In a text book, it is necessary to illustrate and explain the various 
species of commercial apparatus met mith in practice, and in this 
connection the Publishers desire to call attention to the manner in 
which ike author has treated what may be classed as the "descrip- 
(ire matter." Contrary to the usual custom of giving descriptions 
of commercial machines in the main text, where they would occupy 
considerable space, to the exclusion of the more important matter, 
all such descriptions are placed in small type directly under the 
illustrations, leaving space for an adequate presentation of the 
underlying principles, theories, and for the large amount of 
practical information that is essential to obtain a general knowl- 
edge of Electricity and its numerous applications. 

Credit is largdy due to Frank D. Graham, B.S., M.S. (Princeton 
University), and M.E. (Stevens Institute), practical engineer, for the 
authorship of the Guides, and for original sketches Uluslrating 
electrical principles and construction. 
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INTRODUCTORY 
CHAPTER 



The sut>ject matter of this work relates to one of the secrets 
of creation which appears to have been intended at the very 
beginning to be "sought out." This idea is expressed in a certain 
saying copied three or four thousand years ago by the men of 
Hezekiah, King of Judah: from Solomon's proverbs: **/< is the 
glory of God to conceal a thing'. But the glory of Kings (i.e., wise 
men)^ to search out a matter.' 
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In all that may be said hereafter through the work, it is 
admitted that the results recorded are the determinations of 
experiments performed by an incredible number of searchers 
extending through many ages. These inquiries have been 
pursued with a generous rivalry which has permitted discovery 
to be added to discovery, tmtil the sum total has been wrought 
into such exactness that it has been thoughtlessly stated that 
there is nothing more, save its application. 

It may be well, however, to state a few fundamental facts 
relating to electricity: 1, Electricity and magnetism are one 
and the same thing; 2, what is really known about It has come 
as a discovery and not as an invention. Thus^ ^e ^^ >2cl^ 
han^dd ogAmr disooveFed the pole, not that ba Vicwtf 
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So with electricity it has been a subject of discovery while its 
many applications to useful purposes have been veritable inven- 
tions; 3, the earth itself is a magnet. 

This last is shown by the fact that the earth affects a m^inet 
just as one magnet affects another. Magnets are bodies, either 
natural or artificial, which have the property of attracting 
iron, and the power, when freely suspended, of taking a direc- 
tion toward the poles of the earth. The natural magnet is 
sometimes called the loadstone. This word is said to be derived 
from loedan, a Saxon word which signifies to guide. It is an 
oxide of iron of a peculiar character, found occasionally in 
beds of iron ore. Though commonly met with in irregular 
masses only a few inches in diameter, however, loadstones of 
larger sizes are sometimes found. 

By means of simple experiments it may be ascertained that 
the magnet has the following general properties, viz : 1 , power of 
attraction; 2, power of repulsion; 3, power of communicating 
magnetism to iron or steel ; 4, polarity, or the power of taking a 
direction toward the poles of the earth; 5, power of inclining 
itself toward a point below the horizon. 

Speaking generally we may say, that magnetism is a depart- 
ment of electrical science which treats of the properties and 
effects of the magnet. The same terms are also used to denote 
the unknown cause of magnetic phenomena, as when we speak 
of magnetism as excited, imparted, and so on. 

Lightning and the Northern Lights are displays of elec- 
tricity on a grand scale. Electricity is a term derived from 
the Greek word for amber, that being the substance in which 
a property of the agent now denominated electricity was first 
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The ancient Greek philosophers were acquainted with the 
fact that amber, when rubbed, acquired the property of attract- 
ing fight bodies; hence the effect was denominated electrical 
aad in later times, the term electricity has been used to denote 
the unknown cause of electrical phenomena, and broadly the 
which treats of electrical phenomena and their causes. 



Electricity, whatever it may prove to be, is not matter nor is it 
energy \ it is however a means or medium of transmitting energy. 

If electricity is to transmit or convey energy along a wire, this energy 
must be imparted to the electricity from some external source, tl^t 
18 to say, t)efore electricity can perform ^w work it must be set in 
motion, against more or less resistance. This involves that pressure 
must be applied, and to obtain this pressure, energy must be expended 
frofn some external source. 

Accordingly, in electrical engineering, the first principle to 
be grasped is that of energy. Without the expenditure of energy 
no useful work can be accomplished. 

Energy may be defined as the capacity Jor performing work. 

Although electricity is not energy, electricity under pressure 
is a form of energy spoken of as electrical energy. 

In an expenditure of energy in this form, the electricity acts 
simply as a transmission agent or medium to transmit the 
energy imparted to it in causing it to flow. 

In a similar manner, steam acts as a transmission agent or medium 
to transmit the heat energy c^ the coal to the steam engine, where it is 
co uve rted into mechanical energy. 

As just stated, electricity under pressure is a form of energy, 
and its generation is simply a transformation of energy from one 
km into another. Usually, mechanical energy is converted 
into electrical energy, and a dynamo i$ employed for effecting 
the XlBSOsicnnBtiatL 
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In tiunafonniiig the mech&nical energy of waterfalls into dectric 
energy, this natural power of water due to ita weight and motion is 
firet converted into rotaiy motion by a turtiine or water wheel, and 
tben converted into electnc energy by a dynamo, or an alternator. 

All dynamos are but machines for converting into electric energy the 
energy which is given to them by some prime mover, as a staam engine, 
a gas engine, by hydraulic or even by wind power. 

All electric raotora are merely machines for reconverting the electrie 
energy which they receive by means of the conducting wires or mains, 
into mediamcal energy. 

All ricctric lamps are contrivances for .converting into luminous 
ci; fK-'.a percentage of the electric eneivy that is supplied through 



Potential and Kinetic Enei^. — Potential energy is the 
capacity for performing work which a body possesses by virtue 
of ('.'' -:'-'uion. Kinetic energy is the capacity for performing 
work . 'licli a body possesses by virtue of its motion. 

It must be evident that position or motion given to a body enables 
it to perform work. In the first instance, for example, a heavy weight at 
the top of a high tower possesses potential energy. A ten pound weight 
supported one foot above a plane has ten foot pounds of potential 
energy. 

The flywheel of a steam engine in moLion is an example of a body 
possessing kinetic energy. Some of this kinetic enerey which was 
stored up in the fly wheel during the working stroke is eipended in 
moving the engine over the "dead center," ana any other point where 
no torque is produced by the pressure on the piston. 



Chemical Energy can be converted into electric enei^ to 
a limited extent by means of the electric battery, but the cost 
of this energy is so high that it is commercially feasible only 
where small qu&ntities are required, and the cost o£ production 
is secondary to the convenience of generation, as for signalling 
purposes, the operation of bells and annunciators, etc. 

The chemical enei^ of coal and other fuels cannot be directly con- 
yierted into pjff^f ffiftgy. PoT power producing purposes, tha 
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diemical energy of a fuel is first converted into heat by combustion , 
and the heat fiius obtained converted into mechanical energy by some 
form <^ heat engine, and the mechanical energy subsequently trans- 
formed into electric energy in an electric generator* 



Energy cannot be created or destroyed. This is the law known 
as tke conservation of energy which has been built up by 
Helinholtz, Thomson, Joule and others. It teaches further, 
that energy can be transmitted from one body to another or 
transformed in its m^mifest^tions. 

Energy may be dissii>ated, that is, converted into a form from which 
it cannot be reccvercd, as is the case with the great percentage of 
b^at escaping from the exhaust nozzle of a locomotive or in the cir- 
culating T7ater of a steamship, but the total amount of cnei^gy in the 
universe, it is ar^ed, remains constant and invariable. 



Following this law comes the doctrine of the conservation 
of electricity as annotmced by Lippman, being utidoubtedly the 
outcome of the ideas of Maxwell and of Faraday as to the 
nature of electricity. According to their doctrine, electricity can- 
not be created or destroyed, although its distribution may be altered, 

Lippman states that evcrv charge of electricity has an opposite and 
equal charge somewhere in the universe more or less distributed; that is, 
the sum of positive charges is always equal to the sum of negative charges. 

In altering tite distribution of electricity, we may cause more 
to appear at one place and less at another, or may change it 
from the condition of rest to that of motion, or may cause it 
to spin round in whirlpools or vortices, which themselves can 
attract or repel other vortices. According to this view all our 
electrical machines and batteries ar^e merely instruments for 
altering the distribution of electricity by moving some of it from 
one place to Bnotber,, or for causing electricity, wheix ajccam\3!^\«8 
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or heaped together in one place, to do work in retuming to its 
former distribution. 

Electrical engineering has developed largely and widely 
within a very short time and its many applications has created 
so great a demand for various kinds of electrical apparatus, 
that their manufacture forms one of the leading industries. 

Electricity is very valuable as a medium for the transmission 
of energy, espedally to long distances; it is also iised to great 
advantage in lighting, being free from the disagreeable properties 
oS gas or oil. 

Again, electricity finds various applications, in extracting 
gold from the ore, pumping and ventilation of mines, traction, 
telephone, telegraph, electroplating, therapeutics, etc. 

These '-"w, of its ma^y rnplications will perhaps serve to indi- 
cate the far reaching interest and importance of electricity, 
and possibly help to kindle in the student something of the 
eagerness in his work and enthusiasm without which he will 
£ait to do justice either to his calling of to himself. 
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SIGNS AND SYMBOLS 

The following signs, symbols and abbreviations are almost universally 
employed in descnptive and technical works on electrical subjects. 

Althodgh, in the arrangement of the Guides, the direct current and 
I alternating current matter has been kept separate, it is perhaps advisable 
, in the case of signs and symbols, to combine those relating to the alternating 

current with the direct current and other symbols, maJang a single table, 

rather than have them scattered throughout the work. 



1. FundamentaL 

I, Length. cm. » centimeter; 

in., or "=»inch, ft, or '= 

foot. 
M, Mass. gr. Bmass of 1 gramme; 

kg.«l kilogramme. 
; T, /, Time, j^seoond* 

I 2. DerHed Geometric 

I S,i, Surface. 
> B, Volume. 
•»A Angle. 



3. Derived MechanicaL 



», 

». 



Velocity. 

Angular velocity. 
», Momentum, 
a, AccderatioTL 
I, Acceleration due to gravity ■> 

32.2 feet per second. 
P,/, Porce- 
W, Work. 
P, Power. 
I, Dyne. 
«, Ergs- 
fL lb.. Foot pound. 
BJP.t h.p.; horse power. 
LILP., Indicated horse power. 
B^P., Biake horae power. 






m 

c, 

SCt 





I 



Joule's equivalent. 
Pressure. 
Moment of inertia. 

^ Ijvuived Electro^fatic. 

Pressure difference. 

Current. 

Resistance. 

Quantity. 

Capacity. 

Specific inductive capacity. 

5. Derived Magnetic 

Strength of pole. 

Intensity of magnetizatiorL 

Magnetic moment. 

Horizontal intensity of earth's 
magnetism. 

Field mtensity. 

Magnetic flux. 

Magnetic flux density or mag- 
netic induction. 

Magnetizing force. 

Magnetomotive force. 

Reluctance, magnetic resist- 
ance. 

Magnetic permeability. 

Magnetic susceptibility. 

Reluctivity (spedfic has^jos^ 

tMBfltanceV 
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6. Derived Electromagnetic. 

R, Resistance, ohm. 

0, do, megohm. 

E, Volt, pressure. 

Bfffi Impressed pressure. 

Eg; Bo Active pressuie; ohmic drop. 

Rp Virtual pressure. 

Bmax Maximum pressure. 

En^ Average pressure. 

EflC Bffective pressure. 

B| Inductance pressure. 

E§ Capacity pressure. 

V, Difference of piessuie, volt. 

1, Intensity of current, ampere. 
I^ Impressed current. 

In Active current. 

I« Virtual current. 

Imu Maximum current. 

If^f Average current. 

I«f Effective current. 

Q, Quantity of electricity, am- 
pere hour; coulomb. 

C Capacity, farad. 

W, Electric energy, watt hour; 
Joule. 

P, Electric power, watt; kilo- 
watt. 

Pf Resistivity (specific resistance) 
ohm centimeter. 

G, Conductance, mha 

7, Conductivity (spedfic con- 
ductivity). 

Y, Admittance, mho. 

Z, Impedance, ohm. 

X> Reactance, ohm. 

X| Inductance reactance. 
Xc Capacity reactance. 

B, Susceptance, mho. 

L, Inductance (coefficient of In- 
duction), henry. 

V, Ratio of electro-magnetic to 
electrostatic unit of quan- 
tity =3 X10»» centimeters 
per second approximately. 

7. Sfymbols in general use* 

D. Diameter. 
r» Radius. 



/, Temperature. 

$, Deflection of galvanometei 

needle. 
N, n. Number of anything. 
Tt Circumference 4- diameter = 

3.141592. 
«, 2ir/=6.2831 X frequency, in 

alternating current. 
^ /, Frequency, periodicity, cycles 

per second. 
^ Phase angle. 
G, Galvanometer. 
S, Shunt. 

N, n. North pole of a magnet. 
S, s, South pole of a magnet. 
A.C. Alternating current. 
D.C. Direct current. 
P.D. Pressure difference. 
P.P. Power factor. 
C.G.S. Centimeter, gramme. Second 

system. 
B.&S. Brown & Sharpe wire gauge. 
B.W.G.Birmingham wire gauge. 
R.p.m. Revolutions per minute. 
C.P. Candle power. 
— o— Incandescent lamp. 
— X — Arc lamp. 



'ondenser. 








Battery of cells. 



Dynamo, or direct cup» 
rent motor. 

Alternator, or altemat* 
ing current motor. 

Converter. 



Static transformer. 



•^TnrjTI^ Inductive resistance. 
Non-inductive resist 
anoe. 
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CHAPTER I 

ELECTRICITY 



Nature and Source of Electricity. — What is electricity? 

This is a question that is frequently asked, but has not yet been 
satisfactorily answered. It is a force, subject to control under 
wdl known laws. 

While the nature and source of clectridty still remain a 
mystery, many things about it have become known, thus, it is 
poatively assured that electricity never manifests itself except 
lAea there is some mechanical disturbance in ordinary matter. 

The true nature of electricity has not yet been discovered. 
Many think it a quality inherent in nearly all the substances, 
and accompanied by a peculiar movement or arrangement of 
Qie molecules. Some assume that the phenomena of electricity 
■re due to a peculiar state of strain or tension in the ether which 
a present everywhere, even in and between the atoms of 
the most soUd bodies. If the latter theory be the true one, 
ud if the atmosphere of the earth be surrounded by the same 
ether, it may be possible to establish these assumptions as 
fccts. 

The most modem supposition regarding this matter, by 
Maxwell, is that light itself is founded on electricity, aod thaK 
U^ wotwr are merely ffleetro-magnetk IWIWS. Tbe ttvEorj " \lulX 
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dectridty is related to, or identical with, the luminiferous 
ether," has been accepted by the most prominent scientists. 

But while electricity is stiU a mystery, much is known about 
the laws governing its phenomena. Man has mastered this 
mighty force and made it his powerful servant ; he can produce 
it and use it. 

Electricity, it is also conceded, is without weight, and, while 
it is without doubt, one and the same, it is for convenience 
sometimes classified according to its motion, as : 

1. Static electricity, or electricity at rest; 

2. Current electricity, or electricity »« motion; 

3. Magnetism, or electricity in rotation; 

4. Electricity in vibration (radiation). 

Other useful divisions are: 

1. Positive; 

2. Negative electricity; 

3. Static; 

4. Dynamic electricity. 



Static Electricity. — This is a term employed to define elec- 
tricity produced by friction. It is properly employed in the 
sense of a static charge which shows itself by the attraction or 
repulsion between charged bodies. 

When static electricity is discharged, it causes more or less of 
a current, which shows itself by the passage of sparks or a 
brush discharge; by a peculiar prickling sensation; by a peculiar 
smell due to its chemical effects; by heating the air or other 
substances ia its pat)i;, and sometimes in other ways. 
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Current Electricity. — This may be defined as the quantity 
of electricity which passes through a conductor in a given time 
—or, electricity in the act of being discharged, or electricity in 
motion. 

An electric current manifests itself by heating the wire or 
conductor; by caoising a magnetic field around the conductor 
and by causing chemical changes in a liquid through which it 
may pass. 

Dynamic Electricity. — This term is used to define current 
dectridty to distinguish it from static electricity. 

Radiated Electricity. — ^Electricity in vibration. Where the 
current oscillates or vibrates back and forth with extreme 
rapidity, it takes the form of waves which are similar to waves 
of light. 

Positive electricity. — This term expresses the condition of 
the point of an -electrified body having the higher energy from 
which it flows to a lo er level. The sign which denotes this 
phase of electric excitement is +; all electricity is either posi- 
tive or negative. 

Ne^tive Electricity. — This is the reverse condition to the 
above and is expressed by the sign or symbol—. These two 
terms are used in the same sense as hoi and cold. 



NOTB. — In 1749. Baajamin Pranldin. observing lightning to poaiess almost all the properties 
obiOTable in dectric qwrks. suggested that the electric action of points, which was discovered 
W him, mi^t be tried on thun&douds, and so draw from them a charge of electricity. He 
impoeedTuerefore, to fix a pointed iron rod to a high tower, but shortly after succeeded in 
another way. He sent up a Idte during the passing of a storm, and found the wetted string 
to oaodnct Uie eksctridty to the earth, and to yidd abtmdance of sparks. These he drew 
fran a key tied to the string, a silk ribbon being interposed between his hand and the key 
for ssisty. Leyden jars could be charged, and all other electrical effects inoduced, by the 
Vvks baxvSABA. from the douds. The proof of the identity was complete. The kite ex^osi- 
vmx was npeated by Romas, who drew from a metallic string tparka 9 lecl\oniL« lu \1^^ 
^cfaBM m o^ WM opMioieatiiig with a i&miUr avpanXMi, '^ita itarai^ 
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Atmospheric Electricity is the free electricity of the air 
which is almost always present in the atmosphere. Its exact 
cause is unknown. 

The phenomena of atmospheric electricity are of two kinds; 
there are the well known manifestations of thunderstorms; and 
there are the phenomena of continual slight electrification in the 
air, best observed when the weather is fine ; the Aurora consti- 
tutes a third branch of the subject. 

Ftg. 1. — Tha electric twL Tbere are KvenI w^niia inhiUlIng tbs mter, tsd which hmn 
the power of produdng eleclrie diich«rH« by certain portions of thedr orgudBn. Th« 
beM known of theH are the Torftio. the CyHritMiii. and the SUuna. found in the Kile 
' ~'ie Tiger. The Electric Rsy, of which there are thrre ipecia Inhabiting the Medl- 

' -■■.■- ..-■- - 'ded with an elKtricorBan on the back of its head, oi ihown 

orcan consisTi of laTninc composed of poivRonal ceDt 
' lupplird with _[ou_r large bundlM-' " 
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Frictional Electricity is that produced by tie friction of 
one substance against another. 

Resinous Electricity.— The kind of electricity produced 
upon a resinous substances such as sealing wax, resin, shellac, 
rubber or amber when rubbed with wool or fur. Resinous elec- 
tricity is negative elect- icity. 

^treous Electricity. — A term applied to the positive elec- 
tricity developed in a glass rod by rubbing it with silk. This 
electric charge will attract to itself bits of pith or paper which 
have been repelled from a rod of sealing wax or other resinous 
substance which bad been rubbed with wool or fur. 
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Static electricity may be defined simply as electricity at rest; 
the term properly applies to an isolated charge of electricity 
produced by friction. The presence of static electricity mani- 
fests itself by attraction or repulsion. 

Electrical Attraction and Repulsion. — When a glass rod, 
or a stick of sealing wax or shellac is held in the hand and rubbed 
with a piece of flannel or cat skin, the parts will be found to 
have the property of attracting bodies, such as pieces of silk, 
wool, feathers, gold leaf, etc. ; they are then said to be electrified. 
In order to ascertain whether bodies are electrified or not, in- 
struments called electroscopes are used. 

There are two opposite kinds of electrification: 

1. Positive; 

2. Negative. 

Franklin called the electricity excited upon glass by rub- 
bing it with silk positive electricity, and that produced 
on resinous bodies by friction with wool or fur, negative 
electricity. 

The electricity developed on a body by fricl\o\\ AeY><iuc\% ow 
the rubber as well as the body rubbed. Thus gVass \i^com^'s 
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negatively electrified when rubbed with catskin, but positively 
electrified when rubbed with silk. 

The nature of the electricity set free by friction depends on 
the degree of polish, the direction of the friction, and the tem- 
perature. If two glass discs of different degrees of pol'ih be 
rubbed against each other, that which is most polished is posi- 
tively, and that which is least polished is negatively electrified. 
If two silk ribbons of the same kind be nibbed across each 




etectroKspt; tb« figorM tUiutnte aim •lecMeit 



other, that which is transversely rubbed is negatively and the 
other positively electrified. If two bodies of the same sub- 
stance, of the same polish, but of different temperatures, be 
rubbed together, that which is most heated is negatively elec- 
trified. Generally speaking, the particles which are most readily 
displaced are negatively electrified. 

In the following list, which is mainly due to Faraday, the 
s arranged in such ordec that aach. becomes 
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positively electrified when rubbed with any of the bodies following^, 
but negatively when rubbed with any of those which precede it: 






1. Catskin. 

2. Flannel. 

3. Ivory. 

4. Rock crystal. 

5. Glass. 

6. Cotton. 

7. Silk. 

8. The hand. 



9. Wood. 

10. Metals. 

11. Caoutchouc. 

12. Sealing wax. 

13. Resin. 

14. Sulphur. 

15. Guttapercha. 

16. Gun cotton. 






The Charge. — The quantity of electrification of either kind 
produced by friction or other means upon the surface of a body 
is spoken of as a charge, and a body when electrified is said to 
be charged. It is dear that there may be charges of different 
whes as well as of either kind. When the charge of electricity 
B removed from a charged body it is said to be discharged. 
Good conductors of electricity are instantaneously discharged if 
toadied by the hand or by any conductor in contact with the 
pound, the charge thus finding a means of escaping to earth. 
A body that is not a good conductor may be readily discharged 
bypassing it rapidly through the flame of a lamp or candle; for 
the flame instantly carries off the electricity and dissipates it in 
the air. 

I. 

I." Distribution of the Charge. — ^When an insulated sphere 

H of conducting material is charged with electricity, the latter 

passes to the surface of the sphere, and forms there an extremely 
• tirin layer. The distribution of the charge then, depends on 

the extent of the surface and not on the mass. 
Boit proved that the charge resides on the surface by \}m 

bSkfmng experiment: 
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A copper ball was electrified and insulated. Two hollow hemispb 
of copper of a larger size, provided with glass handles, were t 
placed near the s^ere, as in fig. 4. So long as they did not to 
the sphere, the charge remained on the latter, but if the hemispb 
touched the inner sphere, the whole of the electricity passed to 
exterior, and when the hemispheres were separated ana removed 
inner globe was found to be completely discharged. 

The distribution of a charge over an insulated sphere 
conducting material is uniform, provided the sphere is rem 
from all other conductors and electrified bodies. 




FtO. 4,-^BofU CEperimsit which proved that the ckargt nsidts on Uu surfac4* 

Figs, 6 to 8 show, by the dotted lines, the distribution 
a charge for bodies of various shapes. Fig. 6 shows that 
elongated bodies, the charge collects at the ends. ^ 

The effects of points is illustrated in fig. 9 ; when a charg 
body is provided with a point as here shown, the current \ 
cumulates at the point to such a high degree of density that 
passes off into the air, and if a lighted candle be held in frt 
of the point, the Bame will be visibly blown aside. 
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Pig. 10 shows an electric windmill or experimental device for 
iDiistrating the escape of electricity from points. It consists of 
a vane of several pointed wires bent at the tips in the same 
direction, radiating from a center which rests upon a pivot. 
When mounted upon the conductor of an electrostatic machine, 

'j'tbe vane rotates in a direction opposite that of the points. 
The movement of the vane is due to the repulsion of the elec- 

|?3 trified air particles near the points and the electricity on the 
f points themselves. The motion of the air is called electric wind. 
This device is also called electric flyer, and electric whirl. 






(3 






H& 5 to 8. — ^Dlaitrating the distribution of the charge on conductora of varioiu shapes. 



r.. 



"Free" and "Bound" Electricity.— These terms may be 
dtfned as follows: 

The expression free electricity relates to the ordinary state of 
dectridty upon a charged conductor, not in the presence of a 
diarge of the opposite kind. A free charge will flow away to 
the earth if a conducting path be provided. 

A charge of electricity upon a conductor is said to be bound, 
when it is attracted by the presence of a neighboring chax^^ oi 
iSbt opposite JdiuL 
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Conductors and Insulators. — The term conductors is ap- 
plied to those bodies which readily allow electricity to flow 
through them, in distinction from insulators or so called non^ 
conductors, which practically allow no flow of electricity. 

Strictly speaking, there is no substance which will prevent 
the passage of electricity, hence, the term non-conductors, 
though extensively used, is not correct. 




C==T<> 



r Ym 



Pig. 9. — Experiment to illustrate the effect of pointed conductors. 

Pig. 10. — Electric windmill which operates by the reaction due to the escape of the electric 
charge jfrom the points. 

Electroscopes. — These are instruments for detecting whether 
a body be electrified or not, and indicating also whether the 
electrification be positive or negative. The earliest electro- 
scope devised consisted of a stiff straw balanced lightly upon a 
sharp point; a thin strip of brass or wood, or even a goose quill, 
balanced upon a sewing needle will serve equally well. Another 
form of electroscope is the pith ball pendulum, shown in figs. 2 
and 3, When an electrified body is held near the electroscop>e 
2t IS attracted or repelled thus indicatm^ tVi^a pt^'sftxtfi^ ^x\d 
-oature of the charge. 



\ 
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Gold Leaf Electroscope. — This form of electroscope, which 
is very sensitive, was invented by Bennet. Its operation de- 
pends on the fact that like charges repel each other. 

The gold leaf electroscope as shown in fig. 11, is conveniently 
made by suspending the two narrow strips of gold leaf within 
a wide mouthed glass jar, which both serves to protect them 
from draughts of air and to support them from contact with the 
ground. A piece of varnished glass tube is pushed through the 




1>K. II. — Gdd Ual decttoacope; it conaitt) of two atripi ot gold fcril nupoidcd rn>m a bnui 
rod within • glu* jti. Uicd to detect the pnaence and lign of an electric churge. 



cork, which should be varnished with shellac or with par- 
affin wax. Through this passes a stiff brass wire, the 
lower end of which is bent at a right angle to receive the two 
strips of gold leaf, while the upper end is attached to a flat 
plate of metal, or may be furnished with a brass knob. 

When kept dry and free from dust it will indicate excessively 
small quantities of electricity. A nibbed glass tod, eve,-! ■w'tiife 
two or three feet from the instrument, will cause \.Ve \eaNea Vi 
nepei one Maotber. If the knob be brushed witk on^v a scoaSi. 
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camel's hair brush, the slight friction produces a pen»j 
eSect. With this instniment all kinds of friction can be s 
to produce electrification. 

The gold leaf electroscope can be further used to indicat 
kind of electricity on an excited body. Thus, if a pie 
brown paper be rubbed with a piece of india rubber, the n 
of the charge is determined as follows: 




he. 13.— Di*tii)utioo of electrificstion on a duifged hoDow sphere. If im bstaitt 
doctor d be iiucrt«d through the opcmnff in the iphen and brought jn contact v 
interior mirface and atlcrwanli carefully removed, it will be found, by leitioB • 
gold leaf electroscope, that it haa received no charf^ If touched to the ooUid 
ever, the conductor will meive part of the charge. 

First charge the gold leaves of the electroscope by touching thi 
with a glass rod rubbed on silk. The leaves diverge, being elec 
with positive electrification. When they are thus charijed the ap] 
o/s body wMdi is positively electrified vritl cMiae thsm to div«n 
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more widely; while, on the approach of one negatively electrified, they 
■ai tend to close together. It now the brown paper be brought near 
Uie dectroscope, the leaves will be seen to diverge more, proving the 
dectrification of the paper to be of Che same kind as that with which 
the electroscope is charged. 

The p>ld leaf electroscope will also indicate roughly the amount of 
etectiioty on a body placed in contact with it, for the gold leaves open 
out more widely whea the quantity of electiidty thus imparted to them 




hi 13 aad 14. — Glectilficatlon iirodaccd hy TuhHiia dlnliDlLu bodle* tcsether ud thm 
itpsuiiie them. If the iuMdaWd gUa iind leather dim A uid B bs nibbed together. 
Iiii nn ttporaitd, no d^iu oi etedmLcstioa can h« detected; but IE the disa be drawn 
BHt ■ little distaacB the qmec between them it (oond to be ao eleetilc field, and M 
■Mr Mpante fertber and faither, dectiic forcea wiH be foond U eilR In mocB and mora 
It tlw HunHBdinB apace, tbe deetriScation bslns indicated by "Unci of force.*' It 
Kwh kaa to bt domt in aepasatuig the charged diica to overcome the 
. to bold them tocether. The ttieu Indicated by the line* of force 
pr poll in the diiactlaa of their length and • pn«Mi« v IbniM M 



Qectric Screens. — That the charge on the outside of a 
Nxiductor always distributes itself in such a way that there is 
so electric force within the conductor was first proved eii.'jen,- 
neotBlt^ by Fnaday. He covered a laige brat mtiti ^aa i»^ 
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and went inside with the most delicate electroscopes obtainab 
Faraday found that the outside of the box could be charged 
strongly that long sparks would fly from it without any el( 
rical effects being observable anywhere inside the box. 

To rMwat the experiment in modified form, let an electroscope 
placed beneath a bird cajje or wire netting, as in fig. 15. I.*t chaq 
rods or other powerfully charged bodies be brought near the electrosa 
outside the cage. The leaves will be found to remain undisturbed. 




Electrification by Induction. — An insulated conduct 
charged with either kind of electricity, acts on bodies in 
neutral state placed near it in a manner analogous to that 
the action of a magnet on soft iron; that is, it decomposes t 
seutral electricity, attracting the op'posi.te and repelling t 
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like kind of electricity. The action thus exerted is said to take 
place by influence or induction. 

The phenomenon of electrification by induction may be 
demonstrated by the following experiment: 

In fig. 16, let the ehonite rod be electrified by friction and slowly 
brought toward the knob of the gold leaf electroscope. The leaves wiu 
be seen to diverge, even though the rod does not i^ptoach to within a 
foot of the dectroscope. 

This experiment shows that the mere influence which an 
dectric charge exerts upon a conductor placed in its vicinity 




h&. lA. — Baii e ilm ent to fllnftmto elec tr os ta tic Inductioii. The leaves win diverge, even 
thoa^ Uie chained ebonite rod doee not appfoadi to within a foot of the electroaoope. 

is able to produce electrification in that conductor. This 
method of producing electrification is called electrostatic indue-- 

As soon as the charged rod is removed the leaves will col- 
lapse, indicating that this form of electrification is only a tem- 
porary phenomenon which is due simply to the presence ot the 
charged body in the neighborhood. 

Nature of the Induced Charge. — ^This is shown by the 
fxpenmeot Slastrated in £g. 17. 
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Let a metal ball A be charged by rubbing it with a charged rod, and 
kt it then be brouEht near an insulated metal cylinder B which is pro- 
vided with pith balls ot strips of paper C, D, E, as shown. 

The divergence of C and E will show that the ends of B have recdved 
electrical chwycs because of the presence of A, while the failure of D^ | 
to diveree will show that the middle of B is uncharged. Further, tlw ,_ 
rod whidi cbsrged A will be found to repel C but to attract E. 

Prom these experiments, the conclusion is that when a con- 
ductor is brought near a chaiged body, the end away from the 




inducing charge is electrified with the same kind o£ electricity 
as that on the inducing body, while the end toward the inducing 
body receives electricity of opposite sign. 



The Electrophorus. — This is a simple and ingenious instru- 
ment, invented by Volta in 1775 for the purpose of procuring, 
by the principle of induction, an unlimited number of chargts 
of eleclriciiyjrom one single charge. 
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It consists of tvro parts, as shown in fig. 19, a round cake of 
reanous material B, cast in a metal dish or "sole" about one 
foot in diameter, and a round disc A, of slightly smaller diam- 
eter made of metal or of wood covered with tinfoil, and pro- 
vided with a glass handle. Shellac, or sealing wax, or admixture 
of lesin shellac and Venice turpentine, may be used to make 
the 




^KS. 18 and 10. — ^The electrophonts and method of using. Charge B; place A in contact 
with B. and touch A {fia. 18). The disc is now eluded by induction and will yield *• 
spaxk when touched by the hand, as in fig. 19. 



To use the electrophorus, the resinous cake B must be first 
beaten or rubbed with fur or a woolen cloth, the disc A is then 
placed on the cake, touched with the finger and then lifted by 
the handle. The disc will now be found to be charged and will 
yield a spark when touched with the hand, as in fig. 19. 

The "cover" may be repJaced, touched, and oticfe tm»^ 
reaami aad mU thus yield any number o£ sparks, t\i^ or 
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charge on the resinous plate meanwhile remaining practically 
as strong as before. 

The theory of the electrophorus is very simple, provided the 
student has clearly grasped the principle of induction. 

When the resinous cake is first beaten with the cat's skin its 
surface is negatively electrified, as indicated in fig. 20. Again. 
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Pics. 20 to 23. — Illustrating "how the electrophorus works.' 



when the metal disc is placed down upon it, it rests really only 
©n three or four points of the surface, and may be regarded as 
an insulated conductor in the presence of an electrified body. 
The negative electrification of the cake therefore acts induc- 
tively on the metallic disc or ** cover," attracting a positive 
cAar^e to its under side, and repelling a ne^a\AN^ cjccax^^ \.Ck V^^ 
fVper surface, as shown in fig. 21. 
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If, now, the cover be touched for an instant with the finger, 
the negative charge of the upper surface (which is upon the 
upper surface being repelled by the negative charge on the cake) 
will be neutralized by electricity flowing in from the earth 
through the hand and body of the experimenter. The attracted 
positive charge will, however remain being bound as it were 




by its attraction towards the negative charge on the cake. 

Fig. 22 shows the result after the cover has been touched. 
If, finally, the cover be lifted by its handle, the remaining 
poative charge will no longer be "bound" on the lower surfaiCK 
by aXtractitm, bat will distribute itself on both, s\4es ol ^^vfc 
a?rvr, aad may be used to give a spark. It is dear ^:&bS. w* 
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part of the original charge has been consumed in the process, 
which may be repeated as often as desired. As a matter of 
fact, the charge on the cake slowly dissipates — especially if the 
air be damp. Hence it is needful sometimes to renew the orig-^ 
inal charge by again beating the cake with the cat's skin. 



I 




The labor of touching the cover with the finger at each opera- 
tion may be saved by having a pin of brass or a strip of tinfoil 
projecting irom the metallic " sole " on to the top of the cake, 
so that it touches the plate each time, and thvkS yieMU^vtes tW 
J^satjve charge by allowing electridty to ftow TO.itQTa\-\iR«a*s 
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Since the electricity thus yielded by the electrophonis is not 
obtained at the expeiMe of any part of the original charge, it is 
a matter of some interest to inquire whence is the source from 
which the energy of this apparently unlimited supply is drawn; 




iplidty ths elcetio- 
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.„ , the ditUnt putaof P"p»B to E. In fig.^, K ii bo tar Wilhin P 

oe of Hb HnM cui nach E thitnab th* dielectric: they all fall od P and from ths 

of P ID eqtxal mnnber start and pais throuifh the dielectric to E. It ia evident 

thM ia ihla poaitioii K can be moved aboit nitbin P, without aflecting the outaide dii- 
^. — .-__ ^ .X.. _.._^.__ __^ .^.. ^-^^^ jj lomhtB P as sho"m in fig. 2B, and 

Bv complete]/ discharged, since lines no longer 

a <£ P. llf K be again charged and introduced into P it will be again diichaxni. 
xlMiAOaX'PiMmirmdycbAraed irillliavena effect oD the filial resvOA.^jnt'MB&.iAun 
Am P it iM wtO MMdtr (iitv. 
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for it cannot be called into existence without the expenditure 
of some other form of energy. The fact is, more work is don* 
in lifting the cover when it is charged with the positive electricity 
than when it is not charged; for when charged, there is 
the force of the electric attraction to be overcome as well as the . 
force of gravity; this excess force is the real origin of the energy 
stored up in the separate charges. 




Pioa. SOudBl. — The Levden jai „ , , 

HlUKhsnbroclc uid his pupil Cuneui to collect the supposed electric "fluid" In a bottl* 
half filled with water, the bottle was held in the hand and was providsd with a nail to 
Itaul the "fluid" down through the corlt to the water (rom the electric machlm. Th« 
biTocticm o£ the Loyden jar is also claimed by KleiBtp Bishop of Pomerania. 

Condensers; L«yden Jar. — A condenser is an apparatus for 
condensing a large quantity of electricity on a comparatively 
small surface. The form may vary considerably, but in all 
cases it consists essentially of two insulated conductors, separated by 
an insulator and the working depends on the action of induc- 
tion. . 

A form of condenser generally used In making experiments 
aa static electriat^ is the Leyden jar, so named from the town 
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I d. Leyden where it was invented. It consists of a glass jar 
coited inside and oat to a certain height with tinfoil, having a 
\nss rod ternrmiating in a knob passed through a wooden 

itoi^Kr, and connected to the inner coat by a loose charnp as 

liown in fig. 30. 

I The jar may be charged by repeatedly touching the knob 
liitfa the charged plate of the electrophorus or by connecting 
pt inner coating to one knob of an electrical Tnarhinft and the 
linta' mating to the other knob. 

I The discharge of a condenser is effected by connecting the 
hites having an opposite charge. This may be done by use 
n a wire or a discharger, as shown in fig. 31 ; the connection is 
bade between the outer coat and the knob. 
I When the knob of the discharger is sufficiently dose to the 
Ibob of the jar, a bright spark will be observed between the 
Ihobs. This discharge occurs whenever the difference of poten- 
ttial between the coats is great enough to overcome the resistance 
tf the air between the knobs. 

I Let a charged jar be placed on a glass plate so as to insulate the outer 

I coat. Let the knob be touched with the finger. No appreciable disdiaige 

I win be noticed. Let the outer coat be in turn touched with the finger. 

Again no appreciable dischaige will appear. But if the inner and outer 

coatings be connected with the discharger, a powerful spark will pass. 

Electric Machines* — ^\^arious machines have been devised 
for producing electric charges such as have been described. 
The ordinary *' static " or electric machine, is nothing but a 
continuously acting electrophorus. 

Pig. 32 represents the so called Toepler-Holtz machine. Upon 
tbe back of the stationary plate £, are pasted paper sectors, 
beneath which are strips of tinfoO AB and CD called inductors. 

In front of B is a revolving glass plate carrying discs i^ m« 1^ 
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To the inductors AB and CD are fastened metal aims t and it, 
which bring B and C into electrical contact with the discs I, m, 
H, 0, p and q, when these discs pass beneath the tinsel brushes 
carried by ( and h. 

A stationary metallic rod rs carries at its ends stationary 
brushes as well as sharp pointed metallic combs. 

The two knobs R and S have their capacity increased by the 
Leyden jars Z. and L'. 




Action of the Toepler-Holtz Machine. — The action of the 

machine described above is best understood from the diagram 
of fig, 33. Suppose that a small + charge is originally placed 
on the inductor CD. Induction takes place in the metallic 
system consisting of the discs / and o and the rod rs. I becoming 
negatively charged and o positively charged. As the plate car- 
rying /, m, n, 0, p, q rotates in the direction of the arrow the 
negative charge on / is carried over to the position m, where a 
part of it passes over to the inductor AB, thus charging it 
negatively. 

When / reaches the position n the remainder of its charge, 
being repelled by the negative electridty -w^viOcvas. -wi^ Qti fiB. 
^^sses over into the Leyden jar L. 
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When / reaches the position o it again becomes charged by 
mduction, this time xx)sitively. and more strongly than at first, 
since now the negative charge on AB, as well as the positive 
diaige on CZ>, is acting inductively upon the rod rs. 

When / reaches the position u, a part of its now strong posi- 
tive charge i>asses to CD, thus increasing the positive charge 
vpcm this inductor. 

In the position v the remainder of the positive charge on / 

: passes over to L', This completes the cycle for /. Thus as the 

rotation continues AB and CD acquire stronger and stronger 

[i charges, the inductive action upon rs becomes more and more 

intense, and positive and negative charges are continuously 

imparted to U and L tmtil a discharge takes place between the 

knobs R and S. 

There is usually suflBcient charge on one of the inductors to 
start the machine, but in damp weather it will often be found 
necessary to apply a charge to one of the inductors by means of 
the ebonite or glass rod before the machine will work. 



The Wimshurst Machhie. — The essential parts of an 
ordinary Wimshurst machine, as shown in fig. 34, are two in- 
sulating plates or drums. On each plate are fixed a large number 
of strips of conducting material, which are equal in size and are 
equally spaced — ^radially if on a plate, and drctunferentially if 
oa a drum. The plates, or drums, are made to rotate in opposite 
directions. The capacity of the inductors therefore varies from 
a niaximtun when each strip on one plate is facing a strip on the 
other, to a minimxmi when the conducting strips on each ^late 
BTa£acii^3IanIr or insulating portions of the Other plate. 
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There are three pairs of contact brushes, the members of two of the 
F«irs being at opposite ends of diametrical conducting rods placed at 
right angles to one another; the third pair are insulated from one an- 
other and form the principd collectors, the one giving positive and the 
other negative electricity. 

The plates are revolving in opposite directions; thus if there be a 
charge oa one of the conducting segments of one plate and an opposite 

"""" ""e of the conducting segments on the other plate near it, 

'-'" '---'-* 3 Hie: ■ -■ '■' ' ■ .--.L__. 



their potential will be raised aa uie rotation of the plates separates them. 




«tn™tflinerative. 

« aceounl of the wo,_ __ __^ . __.... _ _ 

_„ ;he»esmeat Biof th* Bplale. which ii now in conuct wilh Ihe bnnhY.il' 

> nijch positive potmtial. uid wilt therefore cause a displacement of electricity along 
ductor between Y and ¥i. bringing a large negative charge on Bi and •endiog ■ 
charge to the legmeDt touchio- Yi. 

circuil. It then paEset on until, on touchini; the brush %. 

Uien, being carried br Ihc conducting patches from rig'-~ 
plate, and negative lioia left to right on its lower half. 



!tr process is Uldag pla 

toa oagaUvt CO 2i 



!, aod the potitive Itom light, to 
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CHAPTER III 



THE ELECTRIC CURRENT 






The ordinary statement that an electric cttrrent is flowing 
[ikmg a wire is only a conventional way of expressing the fact 
the wire and the space around the wire are in a different 
Ittate from that in which they are when no electric current is 
\mi to be flowing. 

In order to make laymen tmderstand the action of this so 
ttHed current, it is generally compared with the flow of water. 

In comparing hydraulics and electricity, it must be borne in 
Brind, however, that there is -^eally no such thing as an ** elec- 
tric fluid," and that water in pipes has mass and weight, while 
dectridty has none. It should be noted, however, that elec- 
tricity is conveniently spoken of as having weight in explaining 
some of the ways in which it manifests itself. 

All electrical machines and batteries are merely instruments 
for moving electricity from one place to another, or for causing 
dectridty, when acctmiulated in one place, to do work in re- 
tuniing to its former level of distribution. 

The head or pressure in a standpipe is what causes water to 
move through the pipes which offer resistance to the flow. 

Similarly, the conductors, along which the declnc C^xct«Gi^ 
hsakitoaaw, <^erxnore or less resistance XO ^U« flo^^ d^SQemS 



28 



HAWKINS ELBCTRICITT 



on the material. Copper wire is generally used as it offers little 
resistance. 

The current must have pressure to overcome the resist- 
tance of the conductor. This pressure is called voltage caused 
by what is known as difference of potential between the source 
and terminal. 




Fn. 8ft. — ^Analogy of the flow of water to the electric current. The water in the r eserv dm A 
and B stands at different hdghta. As long as this difference of level is maintained, water 
from B will flow through the pipe R to A. If by means of a pump P the level in B be 
kept constant, flow through K will also be maintained. Here, by means of the work 
expended on the ^>ump, the level in the reservoir is kept constant; and in the corresponding 
case of the electnc current, by the conversion of chemical energy a constant difference off 
potential is maintained. 

The pressure under which a current flows is measured in 
W)lis and the quantity that passes in amperes. The resistance 
with which the current meet?* in flowing along a conductor is 
measured in ohms. 



Ques. What is a volt? 

Ans, A volt is that electromotive ioice VE. '^.^^ ^Vk^ 
prpdtiq^^ current of one ampere aRsdnst aTeasX;axiCfto^^xi^OocE£i, 
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Ques. What Is an ampere? 

Ans. An ampere is the current produced by an E.M.F. of 
one volt in a circuit having a resistance of one ohm. It is that 
quantity of electricity which will deposit .005084 grain of copper 
per second. 

Ques. What is an ohm? 

Ans. An ohm Is eqtial to the resistance offered to an un- 
imrying electric current by a column of mercury at 32** Fahr.» 
14.4521 grams in mass, of a constant cross sectional area, and 
d the length of 106.3 centimeters. 

Ohm*s Law. — In a given circuit, the amount of current in 
mperes is equal to the E, M.F. in volts divided by the resistance in 
dmis', that is: 

pressure volts 

current = — = -: 

resistance ohms 

expressed as a formula: 

E 

'-¥ <« 

ui which 

I ■» current strength in amperes; 
E = electromotive force in volts; 
R s resistance in ohms. 

Prom (1) is derived the following: 

E = I R (2) 

E 
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From (1) it is seen that the flow of the current is proporti 
to the voltage and inversely proportional to the resistance; 
latter depends upon, the material, length and diameter oi 
conductor. 

Since the current will always flow along the path of 
resistance, it must be so guarded that there will be no leal 
Hence, to prevent leakage, wires are insulated, that is, cov 
by wrapping them with cotton or silk thread or other insult 
material. If the insulation be not effective, the current 
leak, and so return to the source without doing its work, 
is known as a short circuit. 

The conductor which receives the current from the sour 
called the lead, and the one by which it flows back, the retui 

When wires are used for both lead and retimi, it is call 
metallic circuit: when the ground is used for the return, it is c 
a ground circuit. An electric current is said to be: 

1. Direct, when it is of unvarying direction; 

2. Aliemaiing, when it flows rapidly to and fro in opp 

directions ; 

3. Primary, when it comes directly from the source; 

4. Secondary, when the voltage and amperage of a prii 

current have been changed by an induction coil; 

5. Low tension, when its voltage is low; 

6. High tension, when its voltage is high. 

A high tension current is capable of forcing its way against cot 
able resistance, whereas, a low tenaon current must hive its 
made easy. 



Production of the Electric Current.— To produce a st 
flow of water in a pipe, two conditions are necessary. 1 
mast £rst be available a by4raMi<; v«ssai^ w, «a 
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iBchmcally called, a **head'* of water produced by a pump, 
Nr a difference of level or otherwise. 

^ In addition to the pressure there must also be a suitable path 

« channel i>rovided for the water to flow through, or there will 

jHe no flow, however great the " head," tmtil something breaks 

under the strain. In the case just cited, although there 

fan pressure in the water in the pipe, there is no ciurent of 

as long as the tap remains closed. The opening of the 

completes the necessary pcUh (the greater part of which 

already in existence) and the water flows. 




\ 



9k. HL— Hyciiattlic analogy of the electric current. If, aay 10 gallons of water flow in 
every aeoond into a lystem of veaaels and pipes oi any shape, whether simple or more 
compKratad aa shown in the figure, and 10 gallons flow out again per second, it is evident 
tibat throagfr every cross section of any vessel or pipe of the system 10 gallons of water 
pass every second. This follows from the fact that water is an uncompressible liquid 
and must be practically of the same density throughout the system. The water moves 
tkmiy wham the section is large and quickly where it is small, and thus the quantity of 
water that flows through any part ot the system is independent of the cross section of 
that part. The same conditscm holds good tor the electric current; if in a closed circuit 
a constant current circulates, the same anount of electricity will pass every cross section 
Iftr second. Hence the following law: The'magniUuk of a constant currtnl in any drcuU 
u sgaal in all parts of the circuit. 



For the production of a steady electric current two very 

similar conditions are necessary. There must be a steadily 

maintained electric pressure, known under different aspects as 

"electromotive force," "potential difference," or "voltage." 

; This alone, however, is not sufficient. In addition, a suitable 

^ conducting path is necessary. Any break in this paith occupied 

;rj by unsuitable material acts like the closed tap in the analogous 

i case s2fav» wea ti omed, and it is only when all SU!dl\>t^Q!ica\A?l^ 
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been properly bridged by stdtable material, that is, by con- 
ductors, that the effects which denote the flow of the current 
will begin to be manifested. 

The necessary electromotive force oi voltage reqtiired to cause: 
the current to flow may be obtained: 

1. Chemically; 

2. Mechanically; 

3. Thermally. 

In the first method, two dissimilar metals such as copper and 
zinc called elements, are immersed in an exciting fluid or electrolyte. 




Pig. 37. — Volta's ** Crown of Cups. * ' The metallic elements C and Z each consisted of two metals* ' 
the plate C beins of copper and the plate Z of sine. They were placed, as showria^ 
in the glass vessels, which contained salt water and ordinary water or lye. Into eadi" 
vessel, except the two end ones, the copper end of one arc and the zinc end of the next 
were introduced, the series, however long, ending with copper dipping into the terminal 
vessel at one end and cine into that at the other. The arrangement is almost exactly 
that of a modem one fluid primary battery. 



When the elements are connected at their terminals by 
a wire or conductor a chemical action takes place, producing 
a current which flows from the copper to the zinc. This device 
is called a cell, and the combination of two or more of them 
connected so as to form a unit is known as a battery. The ward 
battery is frequently used incorrectly for a single cell. That ter- 
minal of the element from which the current flows is called the 
plus or positive pole, and the terminal of the other element the 
negative pole. 

Cells are saiil to be primarv or stcond^r^ accotvV\T\^ «& \}cv^>j ^^xiRx^Xfc 
* «^nso^ of theniselves, or lirst require to be c^ai^^^^i Vtool wa. «iX«rM^ 
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An electric current is generated mechanically by a dynamo. 
In either case no electricity is produced, but part of the supply 
already existing is simply set in motion by creating an electric 
pressure. 

An electric current, according to the third method, is gen- 
erated directly from heat energy, as will be later explained; the 
current thus obtained is very feeble. 




Tin. 38. — Hydro*t>tic anilogy of iait of potential ii 

Pie. 3V. — Showinc method of eonnectiiw Ttrftmeler lo find polentLal differenco betirem •; 



Strength of Current. — It is important that the reader have 
a clear conception of this term, which is so often used. The 
exact definition of the strength of a current is as follows: 

The strength of a current is the quantity of electricity which flows 
past any point of the circuit in one second. 

^Ko^fi^— If. daring lOsecondn. 25 coulombs of elcctricLtv fto^ VMo>a«^ 
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Voltage Drop In an Electric Circuit. — A difference at 
potential exists between any two points on a conductor throi^h 
which a current is flowing on account of the resistance ofEered 
to the ciuxent by the conductor. 

For instance, in the electrical circuit shown in fig, 39, the 
potential at the point a is higher than that at m, that at n 
higher than that at «, etc., just as in the water circuit, shows 
in fig. 38, the hydrostatic pressure at a is greater than that 
at m', that at m' greater than that at n', etc. The fall in the 
water pressure between m' and n' (fig. 38) is measiu^d by the 
water head n's. 

In order to measure the fall in electrical potential between 
m and «, (fig. 39), the terminals of a volt meter are placed in 
contact with these points as shown. Its reading will give the 
difEerence of potential between m and n, in volts, provided that 
its own current carrying capacity is so small that it does not 
appreciably lower the potential difference between the points 
m and n by being touched across them; that is, provided the 
current which flows through it is negligible in comparison with 
that which flows through the conductor which already joins 
the ptnnts m and n. 




CHAI'ICR IV 
ntniART CELLS 

Tte -word "ladterv" is m maA mbnsed word, borne <f**» 
^Bd XDcocreclSv for " odL" as ia fig. -M. Henoe, onthi db- 

nryy^p ^xmid be made btlMJui i3k tva tenns. 

.4 6aaer7 cnuufi c^ lav or aHnr aOs jcimed togttitr s» ms to 

i &nns o[ primaiy cefl; they nuf be 
1 as iflOovs: 

L Ac c or din g to the serrioe for vlndi tbey are 6eagoed; 
2. jfc j ' u fii j i f i g to the r h ^twM'ail features. 

Willi i ^ ip ec t to the first method <xBs are classified as: 

1. Open circmt odis; 

U^dfar iri iii ilt a f — t ,»4igietfaecrflisiosCTvicicfocsfaortperia^ 
(tf tBiK, sodi as m detSric bidh, apialinc wait, aad ckctTK {ML li(tit-> 
inc. If lteptinttwjliiiuww»«vwfar»iiy lenetlin<limc thccrilanow 

2. Oosed drcait cells. 



With respect to the second method, cells are dassafied as: 

1. Oaeflaid; 

2. Two fluid: 
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Ques. Describe a primary cell. ^j 

Ans. A primary cell consists of a vessel containing a liquid ' 
in which two dissimilar metal plates are immersed. ^\ 

In one fluid cells both met^ plates are immersed in the s&me solution. " 
In Ami fluid cells each metal plate is immersed in a separate solution, '. 
one of whicli is contained in a porous cup which is immersed in tbc 
other liquid. 

Quefi. What name Is given to the metal plates? 

Ans. They are called elements. 
Ques. What is the fluid called? 

Ans. The electrolyte or exciting fluid. 

The I 
in the 

Action of a Primary Cell. — The fundamental fact on which 
the electro-chemical generation of current depends is. that if a 
plate of metal be placed in a liquid there is a difference of elec- 
trical condition produced between them of such sort that the 
metal either takes a lower or higher electrical potential than the 
liquid, according to the nature of the metal and the liquid. If 
two different metals be placed in one electrolytic liquid, then 
there is a difference of state produced between them, so that, if 
joined by wire outside the liquid, a current of electricity will 
traverse the wire. This current proceeds in the liquid from the 
metal which is most acted upon chemically to that which is 
least acted upon. 

Referring to fig. 41, the construction and action of a simple 
primary cell may be briefly described as follows: 

Place in a glass jar some water having a little stdphuric or 
other acid added to it. Place in it separately two clean strips, 
one of zinc, Z, and one of copper, C. This cell is capable of 
supplying a coatinuous flow of electricity tVvTCiu^ti a. totg whose 
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-e brought into connection with the two strips. When 
;. :i nt flows, the zinc strip is observed to waste away, its 
U-iii.:- -i-^'ion in fact furnishing the enei^or electromotive force 
lHT..-< ,0 drive the current through the cell and the connecting 
V-. "1 he cell may therefore be regarded as a kind of chemical 
%r:.B^ : in which the fuel is the zinc. 

K 



whaJoLVK cAlled the fUmnU}, 







ttiog fluid QOQtaiiud 



Quea. How are the positive and negative elements of a 
primary cell distinguished P 

Ans. The plate attacked by the electrolyte is the negative 
;, and the one unattacked the positive element. 



Ghemical Changes; Polarization. — The chemical changes j 
whidi take place in a simple cell, consisting of zinc and copper j 
«Ien»efl£s ia aa c/eeiira^^'te of (fflute sulphuric add, TOa^ \»\jn«Sw 
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described as follows: When the two elements are connected and 
the current commences to flow, the stdphuric add acts on the 
surface of the zinc plate and forms sulphate of zinc. The forma- 
tion of this new substance necessitates the liberation of some 
of the hydrogen contained in the sulphuric acid, and it will be ' 
found that bubbles of free hydrogen gas speedily appear on the 
surface of the negative element, that is, on the copper plate. 

While the zinc is being dissolved to form zinc sulphate, 
hydrogen gas is liberated from the sulphuric add. 




Fig. 41. — Simple primary cell with circuit closed, showing direction of the corrent. 

Some bubbles of the gas rise to the surface of the electro- 
lyte and so escape into the air, but much of it clings to the surface 
of the copper element which thus gradually becomes covered with a 
thin film of hydrogen. 

Partly on account of the decreased area of copper plate i> 
contact with the electrolyte, and partly because the hydrogen 
tends to produce a current in the opposite direction, the useful 
e/ectncal cnitput becomes considerably d\^c^im€tvc^^ ^tA 'Oaa ^a^ 
^ said to be polarized. This state ot aftaks tqsc^ \^ x^icic&s^ 
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by stiniiig up the electrolyte, or by shaking the cell, so as to 
assist the hydrogen bubbles to detach themselves from the sur- 
face of the copp)er plate and make their way to the atmosphere 
through the electrolyte. This, however, is only a temporary 
remedy, as the polarized condition will soon be reached again, 
and a further agitation of the cell will be necessary. Hence, a 
simple cell of this kind is not desirable for practical work, audit 
must be modified to adapt it to constant use. 

When the sulphuric acid in a cell acts in the zinc element 
and produces sulphate of zinc, a certain anount of work is done 
which is manifested partly in the form of useful electric energy, 
and partly as heat which warms the electrolyte and which is 
thereby lost for all practical piuposes. 

Ques. If the zinc and copper electrodes of a simple 
cell be not connected externally what changes take place 
within the cell? 

Ans. The zinc plate immediately becomes strongly charged 
with negative electricity, and the copper plate weakly so. As 
long as the plates remain unconnected, and the zinc is pure, no 
further action takes place. 

Ques. If the electrodes be connected externally what 
happens? 

Ans. If the plates be connected by a wire outside the elec- 
trolyte, the tendency which dissimilar electrical charges have 
to neutralize one another causes a flow of negative electricity 
through the wire from zinc to copper, and a positive flow in the 
opposite direction. The ** static " charge being thus disposed 
of, a fresh charge is given to the plates by the action of the acid^ 
which commences to dissolve the zinc. As long as the wire con* 
nects the copper and zinc plates, the acid will contitwie U& tt^c^assi 
tm the giac utttH eitber £udd OT zinc is exhausted. 
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The reader may ask: how can there be a positive flow when both 
plates are negatively electrified? 

An analogy is the best way to make this point clear: Imagine two 
equal vessels, from each of which the air has been partially exhausted, 
but from one (A) 10 times as much air has been taken as from the other 
(B). Connect A and B by a tube. Now, although both vessels have less 
than the atmospheric pressure, that is, both have "negative" pressures, 
yet a current of air will flow from B to A until the pressures in each 
are equalized; tiiat is, until both have equal "negative charges" of air. 

There is a second important eflect of the acid solution or 
electrolyte in a cell. If pure sulphuric acid were used, the first 
action or production of an electrical charge on the zinc plate 
would be the same, but when the plates were joined by the wire 
the ctirrent would soon cease. The reason for this lies in the 
fact that the sulphate of zinc, which is the compound produced 
by the acid plus the zinc, being insoluble in pure undiluted 
sulphuric acid, remains on the surface of the zinc plate. The 
coating of sulphate of zinc thus formed also operates as a pro- 
tective agent, and no further electrical charge can be induced 
until it is removed. The addition of water to the acid has 
the effect of allowing the sulphate of zinc to dissolve, and the 
zinc plate is left free for further action. 

Ques. What governs the rate of current flow of a 
primary cell? « 

Ans. The size of the elements and their proximity. 

Effects of Polarization. — The film of hydrogen bubbles 
aflFects the strength of the current of the cell in two ways: 

1. It weakens the current by the increased resistance which it 
offers to the flow, for bubbles of gas are bad conductors; 

-^ It weakens the current by setting up an opposing electro* 
mo/tpe/orce. 
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Hydrogen is almost as oxidizable a substance as zinc, especially 
when freshly deposited (in the "nascent" state), and is electropositive; 
hence, the hydrogen itself produces a difference of potential, which 
would tend to start a current in the opposite direction to the true zinc- 
to-copper current. It is therefore an unportant matter to abolish this 
polarization, otherwise the currents furnished by batteries would not 
be constant. 



Methods of Depolarizing. — One of the chief aims in the 
rrangement of the numerous cells which have been devised is 
) avoid polarization. The following are the methods usually 
mployed: 

1. Chemical methods; 

a. Oxidation of the hydrogen by potassium bichromate and by nitric 

add. 

b. Substitution of the hydrogen by some other substance which does 

not give a counter electromotive force of polarization; for in- 
stance, in the Daniell cell by replacement of the copper in 
copper sulphate by the hydrogen, the copper being deposited 
on the positive pole. 

• 

2. Electro-chemical means; 

It is possible by employing double cells, to secure such action 
that some solid metal, such as copper, shall be liberated instead oi 
hydrogen bubbles, at the point where the current leaves the liquid. 
This electro-chemical exchange obviates polarization. 

3. Mechanical methods. 

a. Agitation of the liquid or of the positive electrode, in order to 

prevent the acctunulation of hydrogen thereon. 

b. Corrugating or roughing the positive electrode, as in the Smee 

cell. This causes the hydrogen gas to form in large bubbles 
which rise to the surface more rapidly than the small bubbles 
which form on a smooth electroae. 

In the simplest form of cell, as zinc, copper, and dilute sul- 
huric acid, no attempt has been made to prevent the evil of 
lolarization, hence, it will quickly polarize when the current is 
rlosed for any length of time, and may be classified as an open 
nrcuit cell 
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When polarization is remedied by chemical means, the chem- 
ical added is one that has a strong affinity for hydrogen and 
will combine with it, thus preventing the covering of the nega- 
tive plate with the hydrogen gas. 




. fiUed witb 

ian rod ia inKUM 

. , .. _ _: are ecn«rallv us*d 

for ceTli of urdinary size. The salt is p^Aci.'d in Ihc jnr, water uourcd in until it it itbaut 
Iwo-ihirda full, and thm utim-d till all lli. lalt i> dUwilvcd. When thi ciuboti cyUndtr 
ia inserted, tiie wJuIJim should be wilhin l',t inchei of tlic top of the jar. The cloctrcK 

Ques. What is a depolarizer? 

Ans. A substance employed in some types of cell to com- 
3j/fe with the hydrogen which would othervnse \» aeX ^.tea A 
tJie positive electrode and cause polarization. 
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The chemical used for this purpose may be either in a sclid or kquid 
form, which gives rise to several types of cell, such as cells with a single 
fluid, contaioing both the acid and the depolarizer, cells with a single 
exciting fluid and a solid depolarizer, and cells with two separate fluids. 
In the two fluid cell, the zinc is immersed in the liquid (frequently 
dilute sulphuric acid) to be decomposed by the action upon it, and the 
negative plate is surrounded by the liquid depolarizer, which vciW be 
decomposed by the hydrc^gen gas it arrests, thereby preventing polar- 
I izatioo. 

In open circuit cells polarization does not have much oppor- 
tunity to occur, since the circuit is closed for such a short period 
etiime; hence, these cells are always ready to deliver a strong 
tcrrent when used intermittently. 

In closed circuit cells polarization is prevented by chemical 
iction, so that the current will be constant and steady tiU the 
tcergy of the chemicals is expended. 



Ques. What is a depolarizer bag? 

Ans. A cylinder of hemp or other fabric used in place of a 
porous pot in some forms of Leclanche cell, and also as a sup- 
port for the deix>larizing mass in some forms of dry cell where 
tlie electrolyte is of a thin gelatinous nature. 



Volta^s Contact Law. — When metals differeing from each 
other are brought into contact, different results are obtained, 
both as to the kind of electrification as well as the difference of 
potentials. 

Volta found that iron, when in contact wdth zinc, becomes 
negatively electrified; the same takes place, but somewhat 
weaker, when iron is touched with lead or tin. WTien, however, 
iron is touched by copper or silver, it becomes positively elec- 
trified. Volta, Seebeck, Pfaff, and others have investigated the 
behavior of many metals and alloys when in contact with each 
other. 
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, The following lists are so arranged that those metals firsi 
each list become positively electrified when touched by any talc 
rank after them: 



CONTACT SERIES OF METALS 



According to Volta. 



According to Pfaff. 



zinc 




+ zinc 


copper 


lead 




cadmium 


silver 


tin 




tin 


gold 


iron 




lead 


uramum 


copper 




tungsten 


tellurium 


silver 




iron 


platinum 


gold 

graphite 

mangane: 


seore 


bismuth 

antimony 


— palladium 



Volta laid down a law regarding the position of the metals 
his table which may be stated as follows: 

The difference of potential between any two metals is equal to 
sum of the differences of potentials of all She intermediate memh 
of the series. 

Hence, it is immaterial for the total effect whether the fi 
and the last are brought into contact directly, or whether i 
contact is brought about by means of all or any of the int 

mediate metals. 



Vol ta's law further asserts that when any number of metals are brou 
inio contact with each other, but so that the chain closes with the mi 
tn'th which it was begun, the total difference must be mm. 
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Laws of Chemical Action in the Cell. — There are two 
imTT'le laws of chemical action in the cell: 

1 . TJze atnount of chemical action in a cell is proportional to 

the quantity of electricity that passes through it. 

One coulomb of electricity in passing through the cell liberates 
.000010352 of a gramme of hydrogen, and causes .00063344 of a 
gramme of zinc to dissolve in the add. 

2. The amount of chemical action is equal in each cell of a battery 

connected in series. 

Requirements of a Good Cell. — The several conditions 
which should be fulfilled by a good cell are as follows: 

1. Its electromotive force should be high and constant; 

2. Its internal resistance should be small; 

3. It should be perfectly quiescent when the circuit is open; 

4. It should give a constant ctirrent, and therefore must be 

free from polarization, and not liable to rapid exhaustion; 

5. It should be easily cared for, and if possible, should not emit 

corrosive fumes; 

6. It should be cheap and of durable materials. 

Single and Two Fluid Cells. — The distinction between a 
single and a two fluid cell has already been given. The single 
fluid cell of Volta with its zinc and copper plates represents the 
Amplest form of primary cell. 

In the two fluid cell, the positive (zinc) plate is immersed in 
the exciting liquid (usually dilute sulphuric acid) and is decom- 
posed by the action upon it, while the negative plate is placed 
in the liquid depolarizer which is decomposed by the hydrogen 
arrested by it, thus preventing polarization. 
7j In some forms of cell, the two liquids are separated by a 
poroaspartitian of unglazed earthenwax^^ which, 'wVvilLeVV.pt^N' 
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the liquids mixing except very slowly, does not pre\ 
the passage of hydrogen and electricity. 

Complete depolarization is usually obtained also in sii 
fluid cells, having in addition a depolarizing solid body, suci 
oxide of manganese, oxide of copper, or peroxide of lead 
contact with the carbon pole. Such cells really do not bel 
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! to the single fluid cells, and are considered in the two fluid 
^ class. 

A few examples of single and double fluid primary cells will 
now be described. 

The Leclanche Cell. — ^This cell was invented by Leclanche, a 
'. French electrician, and was the first cell in which sal-ammoniac 
was used. This form of cell, as shown in fig. 45, is in general 
use for electric bells, its great recommendation being that, once 
charged, it retains its power without attention for considerable 
time. 

Two jars are employed in its construction; the outer one is 
of glass, contains a zinc rod, and is charged with a solution of 
ammoniuni chloride, called sal-ammoniac. 

The inner jar is of porous earthenware, containing a carbon 
plate, and is filled with a mixture of manganese peroxide and 
broken gas carbon. When the carbon plate and the zinc rod are 
connectcjd, a steady current of electricity is set up, the chemical 
action which takes place being as follows: the zinc becomes 
oxidized by ike oxygen frofn the manganese peroxide, and is subse- 
quently converted into zinc chloride by the action of the sal-ammoniac. 

After the battery has been in continuous use for some hours, 

the manganese becomes exhausted of oxygen, and the force of 

the electrical current is greatly diminished; but if the battery 

; ^oe allowed to rest for a short time, the manganese obtains a 

.^•; fresh supply of oxygen from the atmosphere, and is again fit 

:'.r^ for use. 

After about 18 months work, the glass cell will probably 
require recharging with sal-ammoniac, and the zinc rod may 
also need renewing; but should the porous cell get out of order, 
it is better to get a new one than to attempt to 're- 
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The directions for setting up a Leclanche cell are as follows: 

1. Place in the glass jar six ounces of sal-ammoniac, and pour tn 

water until the jar is one-third full, then stir thoroughly, 

2. Place the porous cup in the solution, and if necessary add water 

until it rises to within 1 yi inches of the top of the porous cup, 

3. Put the zinc rod in place and set the cell away (not connected up), 

for about 12 hours, so as to allow the liquid to thoroughly soak 
into the porous cup. This will lower the level of the liquid to about 
one-third the lieight of the jar. The cell will then be ready for use. 
As the level of the liquid is lowered by evaporation, it should 
be maintained at the stated height by adding water. 

The Leclanche cell is adapted to open circuit work, being 
extensively used for ringing electric bells. 
The objections to the Leclanche cell are: 

1. Rapid polarization; 

2. High internal resistance due to porous pot; 

3. Restricted space for electrolyte causing rapid lowering of level of 

liguid by evaporation; 

4. Eating away of the zinc rod at the surface of the liquid, icnderiug 

the rod useless before the lower part is consumed. 



Fuller Bichromate Cell.— In the bichromate cells or the 
chromic add cells, bichromate of soda, or bichromate of 
potassium, is used for the depolarizer, water and sulphuric 
acid being added for attacking the zinc. 

The Fuller cell is of the two fluid type. A pyramidal block 
of zinc at the end of a tnetallic rod covered with guttapercha i? 
placed in the bottom of a porous cup containing an ounce of 
mercury. The cup is then filled with a very dilute solution of 
sulphmic acid or water and placed in a jar of glass or earthenware 
containing the bichromate solution and the carbon plate. The 
diffusion of the add through the porous cup is sufl5dently rapid 
to attack the zinc, which being well amalgamated, prevents 
local action; while the hydrogen passes through the porous cup 
aad combiaes with the oxygen in the bichromate of potassium. 
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This type of cell has an electromotive force of 2.14 volts, and is 
fuited to open circuit, or semi-closed circuit work. The direc- 
tions tor setting up a Fidler cell are as follows: 

1. To make the " electropoion " fluid, mix together one gallon of 
sulphuric acid and three gallons of water, and in aseparate vessel, 
dissolve six pounds of bichromate of potash in two gallons of 
boiling water; then thoroughly mix together the two solutions. 
% Immerse the zinc in a solution of dilute sulphuric acid, and then 
in a bath of mercury, and rub it with a brush or cloth so as to 
reach all pirts of the surface. 

3. Pour into the porous cell one ounce (a tablespoon tul) of mercury, 

and fill the porous cell with water up to within twoinches of the top. 

4. Place the porous cell and the carbon plate in the glass jar, as in fig. 46, 

and fill glass jar to within al)out three inches of the top with a 
three parts of electropoion fluid to two parts of 
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6. The zinc should be lifted out occasionally and the sulphate 

washed oS. 
C The supply of mercuiy in the porous cell should be maintained, 
so as to have the zinc always well amalgamated. 

7. To renew, clean all deposits from carbon plate and zinc, and set 

up with fresh solution. 



The Edison Cell. — This is a single fltud cell with a solid 
depolarizer, as shown in fig. 48, and is well adapted ior use on 
closed circuits. 




Th Ed son « » Bbe (or large lU- 
r^ectropUtinE. (ire alarms, Iclephone 



The positive element is zinc, and the ncKative element black 
oxide ol copper. The exciting fluid is a solution of caustic pot- 
^^A, The black oxide of copier plalca avc su'apcixie.i l^ot^ t.t\a 
t^oi^cr of the jar by a light framework, ot covv«'^< *:«* *^^ ^ 
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which forms the p)Ositive pole of the battery. A zinc plate is 
suspended on each side of the copper oxide element and kept 
from coming in contact with the latter by means of vulcanite 

buttons. 

When the cell is in action, the water is decomposed, and the 
oxygen thtis liberated combines with the zinc and forms oxide 
of zinc, which combines with the potash to form a double salt 
of zinc and p>otash. The last combination dissolves as rapidly 
as it is formed. The hydrogen liberated by the decomposition 
of the water reduces the copper oxide to pure metallic copper. 
It is highly imp)ortant that the copper oxide plates be com- 
pletely submerged in the solution of caustic potash, and that 
heavy paraffin oil be poured on top of the solution to the depth 
of about J4 of an inch to exclude the air. If oil be not used, 
the formation of creeping salts will reduce the life of the battery 
fully two-thirds. The battery has a low electromotive force, 
about 0.7 of a volt, but as the internal resistance is also very 
low, quite a large ciurent can be drawn from the cell. 

The Sunken Cell, shown in figs. 49 and 60, is a two fluid cell con- 
structed with zinc and carbon electrodes. The negative plate 
is carbon, the positive plate amalgamated zinc. The excitant 
is a dilute solution of sulphuric acid. The top part of the 
carbon is sometimes impregnated with paraffin (to keep thf 
acid from creeping up). 

The force of the Bunsen cell increases after setting up for 
about an hour, and the full effect is not attained until the acid 
soaks through the porous cell. Carbons are not affected and 
last any length of time. The zinc is slowly consumed through 
the mercury coating. 

Grenet Bichromate Cell, — In this cell , as shown in figs, 49 a»d 
50, the poatJve element is zinc and the negative detnetvt caxV* 
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The electrolyte is a solution of bichromate of potash in a niiz' 
ture of sulphuric acid and water. 

The cell consists of a glass bottle containing the electrolyte 
and fitted with a lid from which the elements are supported. 
There is a zinc plate in the center and a carbon plate on eacli 
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side. The two carbon plates are connected to the same ter- 
minal, thus forming a large negative surface, and the zinc plate 
/■? a ierminal on the top of the brass rod to ^V\t\i it. is attached. 
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This rod slides through a hole in the lid so that the zinc plate 
can be lifted out of the electrolyte when the cell is not at work, 
thus preventing wasteful consumption of zinc and of the elec- 
trolyte. Bichromate cells give a strong current, the electro- 
motive force of a single cell being 2 volts. 

Danlell Cell. — This is one of the best known and most widely 
used forms of primary cell. It is a double fluid cell, composed 
of an inner porous vessel containing an electrolyte of either 
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dilute sulphuric acid or dilute zinc sulphate solution, and an 
outer vessel containing a saturated solution of copper sulphate. 

A zinc rod is placed in the inner electroljrte, and a thin plate 
of sheet copper in the outer electrolyte. Sometimes this ar- 
rangement of the elements is modified, the outer vessel being 
made of copper and serving as the copper plate. This would 
then contain the copper sulphate solution, while the zinc sul- 
phate and the zinc rod would be contained in the porous pot as 
before. 

The chemical reactions which take place in a Daniell cell are 
as follows: 

The zinc dissolves in the dilute acid, thus producing zinc sulphate, 
and liberating hydrogen gas. The free hydrogen passes through the 
walls of the porous pot, bift when it reaches the copper sulphate solution 
it displaces some ot the copper therefrom, and combines with this solu- 
tion, forming sulphuric acid. The copper, which is thus set free, is 
deposited on the surface of the copper plate. In this way polarization 
is avoided, and a practically constant current is obtained. 

When the zinc sulphate solution is employed in place of dilute 
acid, a similar series of chemical reactions occur, except that the zinc 
is liberated instead of hydrogen. 

Daniell cells are used especially for electroplating, electro- 
tjrping and telegraphic work. The electromotive force of a 
single cell is 1.079 volts. 

Directions for Making a Daniell Cell. — ^The simple Daniell 
cell shown in fig. 52 may be easily made as follows: The outer 
vessel A, consists of a glass jar (an ordinary glass jam jar will do) 
containing a solution of sulphuric acid (1 part in 12 to 20 parts 
of water), and a zinc rod B. 

Inside the jar is placed a porous pot C containing a strip of 
thjn sheet copper D, and a saturated solution of sulphate of 
copper (also called " blue stone '' and ** blue vitrei "), 

^^e zinc is preferably of the Leclaivc\i^ iotm, ^YclOcs. >«^\i(^ 
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found to be cleaner, more durable, and cheaper than a zinc 
Fhcct. The porous pot should be dipped in melted paraffin 
wax, both top and bottom, to prevent the solution mingling 
too freely and " creeping." A few crystals of copper sulphate 
are placed in the pot as shown. 




In mixing the sulphuric acid and water, the acid should he 
added to the water — never the reverse. Zinc siiliihatc is sometimes 
used instead, as it reduces the wasteful consumption of the 
zinc, but it should be pure. 

With care the cell will last for weeks. VJ1:\ctv Vt N'JiakeftS. at 
".mas down." an addition of sulphuric acid to ttie ouVw Vis 6.-Rfi 
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a few more crystals placed in the porous pot will put the cell in 
good condition. 

Gravity Cells. — In a two liquid cell, instead of employing a 
porous cell to keep the two liquids separate, it is possible, where 
one of the liquids is heavier than the other, to arrange that the 
heavier liquid shall form a stratum at the bottom of the cell. 




Pic.53.— DanE 
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Daniell Gravity Cell. — In this cell, shown in fig. 53, the 
eame elements are used as in the ordinary Daniell cell, but the 
fwrous pot is dispensed with, the two solutions being separated 
by the action of gravity as explained in the preceding paragraph. 
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The copper sulphate solution, being the heavier of the two, 
. ts at the bottom of the battery jar, while the di\\i\:C sxiV'^twivt 
■id remains &t the top. To suit this arrangcmCTvt f^e. ca^v«^ 
^d ^inc elements are located as shown, the copper e\«roKQXs 
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being at the bottom, and the zinc element, shaped like a crow's . , 
foot (hence the name " crowfoot cell ") is saspended at the 
top. 

The absence of the porous pot decreases the internal resist- 
ance, but the electromotive force is the same as in the ordinary 
type of Daniell cell. 
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When a current is produced by a Daniell cell: 

1. Copper is deposited on the copper plate; 

2. Copper sulphate is consumed; 

3. The sulphuric acid remains unchanged in quantity; 

4. Zinc sulphate is formed; 

5. Zinc is consumed. 

If, however, the copper sulphate solution be too weak, the water is 
decomposed instead of the copper sulphate, and hydrogen is deposited 
on the copper plate. This deposit of hydrogen lowers the voltage, hence 
care should be taken to maintain an adequate supply of copper sulphate. 

The voltage of a Daniell cell varies from about 1.07 volt to 
1.14 volt, according to the density of the copper sulphate solu- 
tion and the amount of zinc sulphate present in the dilute 
sulphuric acid. 

** Dry " Cells. — It is often necessary to use cells in places 
where there is considerable jarring or motion, as for automobile 
or marine ignition. The ordinary cell is not well adapted to 
this service on accoimt of the liability of spilling the electrolyte, 
hence, the introduction of the so called dry cell. 

A dry cell is composed of two elements, usually zinc and 
carbon, and a liquid electrolyte. A zinc cup closed at the bot- 
tom and open at the top forms the negative electrode; this is 
lined with several layers of blotting paper or other absorbing 
material. 

The positive electrode consists of a carbon rod placed in the 
center of the cup; the space between is filled with carbon — 
ground coke and dioxide of manganese mixed with an absorbent 
material. This filling is moistened with a liquid, generally sal- 
ammoniac. The top of the cell is closed with pitch to prevent 
leakage and evaporation. A binding post for holding the wire 
connections is attached to each electrode and each cell is placed 
in a paper box to protect the zincs of adjacent ceWs Itotw com\w^ 
into contact with e^h Other when finally counc.QteA, \o'g^e^Jc^^2t. 
o form a battery. 
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Points Relating to Dry Cells. — The following instruction: 
on the care and operation of dry cells should be carefully note< 
and followed to get the best results: 




Pics. 56 and ST.— Round ai 




nxtimgular lypM of the 



1. In renewing dry cells (or any other kind of cell), a ^atcr nuiabw 
should never be put in series tlian was origitjally required to do the 
work, because the additional cells increase the voltage beyond thai 
required, which causes more current than is necessaiy to flow throu^ 
the coil. This increased current Sow shortens the life cf tlie battery. 

2. In connecting dry cells in places where there is vibration, heavy 
copper wire should not be used, liecause vibration will cause it to break. 

3. Water should not be allowed to come in contact with the paper 
eovsrs of the (xUf bff^vse they tQint Xha \asala,tiQn, hence, when moict, 
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3 another, resulting in running 

4. Dry cells will deteriorate when not in use, making it necessary 
to renew them about every swty days. The reason dry cells deteriorate 
is because the moisture evaporates. Freezing, exposure to heat, and 
vibration which loosens the sealing, causes the evaporation. 

5. Weak cells can be strengthened somewhat by removing the paper 
jacket, punching the rnetal cup full of small holes, and then placing 
in a weak solution of sal-ammoniac, allowing the cells to absorb all they 
liiU take up. This is only to be recommended in cases of emergency 
when they are hard to get. 
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fl. The average voltage of a dry cell when r 
volts, while the amperage ranges from about twei 
according to size. 

7. A dry cell when fresh should show from 20 to 25 amperes when 
tested; the date of manufacture should also be noted as ftesti cc\is, as«i 
most efficient. 

S. Dryc^a should be tested -mth an ammeter, care beme ^a^^.cn. \o 
do It quickly as the awmetet being of a. very low re^Utlce sliott. crt-MO-Xa 
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the cell. A volt meter is not wxA in testing Dccause, while the cells i 
not giving out current, their voltage remains practically the same, a 
a cell that is very weak will show nearly full voltage. When no ammeter I 
■3 at hand, the battery current may be tested by disconnecting the ei 
of one of the terminal wires and snapping it across the binding pc«t 
the other terminal; the intensity of the spark produced will indicatt '' 
the condition of the battery. 

Points Relating to the Care of Cells.— To get the best 
results from ptimary cells, they should receive proper attention 
and be maintained in good condition. The instructions hers 
given should be carefully followed. 




Cleanliness. — In the care of batteries, cleanliness is essentia 
in order to secure best results. Zincs and coppers should b« 
thoroughly cleaned every time a cell is taken out of use. Th< 
zinc, after being thorouj,'hiy cleaned, should be rubbed with i 
little mercury. This prevents local action. Porous cups shouli 
be soaked in clean water four or five hours and then wipet 
dry. 

The terminals of each cell should be thoroughly cleansed 
scraped bright so as to get good contacl <A Man connecting wirei 
^JJcf thus avoid extra resistance in t\ic civcuA. 
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iratinft the Elements. — Obviously the positive and 
;e elements of a cell must not be in contact within the 
g fluid; they should be separated by a space of 3-i to J^ 
In the case of cells without porous cups, periodic atten- 
ust be given to ensure this condition being maintained. 

eping. — As evaporation of the electrolyte takes place 
ell, it increases in strength, and crystals are left on the 
af the jar previously wetted by the solution, the action 
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very marked when the solution is a saturated one. The 
between these crystals and the side of the jar acts as a 
JT of capillary tubes, and draws up more liquid, which 
evaporates and deposits crystals above the former ones. 
it finally the film of crystals passes over the edge of the 
id forms on the outside, thus making a kind of syphon 
drawTS ofl the liquid. This action may, to a great extent, 
jvented by warming the edges of the glass, or stoneware, 
ind of the porous pots, before the cells are made up, and 
ig them Tsiu}e warm into some paraffin viECS. iosi.X*A. "\b. 
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warm oil, a precaution that should always be carried out when 
a dense solution of zinc sulphate is employed in the cell. 

Amalgamated Zinc. — To " amalgamate " a piece of zinc, 
dip it into dilute sulphuric acid to clean its surface, then rub 
a little mercury over it by means of a piece of rag tied on to 
the end of a stick, and lastly, leave the zinc standing for a short 
time in a dish to catch the surplus mercury as it drains off. 




The action of the amalgamated zinc is not well understood; 
by some it is considered that amalgamating the zinc prevents 
local currents by the amalgam mechanically covering up the 
impurities on the surface of the zinc and preventing their com- 
ing into contact with the liquid. By others it is thought that 
^znBlgamating the zinc protects it from local action by causing 
^ -^^ o/ Aydrogen gas to adhere \o it. Tteaftisor3S&N»E<s6.aa. 
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the fact that while no action takes place when amalgamated 
zinc is placed in dilute sulphuric acid at ordinary atmospheric 
pressure, the creation of a vacuum above the liquid causes a 
rapid evolution of hydrogen, which, however, stops on the re- 
admission of the air. 

Amalgamating a zinc causes it to act as a somewhat more posi- 
tive substance than before, therefore the voltage of a cell contain- 
ing amalgamated zinc is slightly higher than that of a cell con- 
structed with unamalgamated zinc. 




FlC 72, — Diagram of a series battery connection : four cells are shown connected by this 
method. If the ceU voltage be one and one-half volts, the pressure between the (-f ) and 
(~) tennsnala of the battery is eqtial to the product of the voltage of a single cell multiplied 
by the number of cells. For four cells it is equal to six volts. 

The addition of a very small amount of zinc to mercury 
causes the mercury to act as if it were zinc alone, arising per- 
haps from the amalgam having the effect of bringing the zinc 
to the surface. 



Battery Connections. — There are three methods of connect- 
ing cells to form a battery; they may be connected: 

1. In series; 

2. In parallel; 

3. In series mtdtiple. 

A series connection consists in joining the positive pole of 
one cell to the negative pole of the other, as shown in fig. 72; 
this adds the voltage of each cell. 

Thus, connecting in series four cells of one and on^AvaM no\\;s» ^as^ 
will give a total of six volts. 
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Fig 73 illustrates a parallel or multiple connection; this is 
made by connecting the positive terminal of one cell with the 
positive terminal of another cell and the negative terminal of 
the first cell with the negative terminal of the second cell. 




Pig. 73. — Diagram of a multiple or parallel connection. When connected in this manner the 
voltage of the battery is the same as that of a single cell, but the current is equal to the 
amperage of a single cell multiplied by the number of cells. Thus with 1 14 volt 15 ampere 
dry cells, the combination or tottery connected as shown would give 4 X 15 ■■ 60 amperes 
at a pressure of 1 )^ volts. 




KiG. 74 — Diagram of a scries multiple connection. Two sets of cells are connected in series, 
and the two batteries thus formed, connected in parallel. The pressure equals the voltage 
of one cell, multiplied by the number of cells in one battery, and the amperage, that v( 
one cell multiplied by the number of batteries. This fonn of connection is objectionable 
unless all the cells be of equal strength. If old cells be placed on one side and new cells on 
the other, current will flow (as in fig. 75) from the stronger through the weaker until the 
pressure of all the cells thus becomes equal. This process therefore wastes some of the 
energy of the strong cells. 



A paralled or multiple connection adds the amperage of each eel ; 
that is, the amperage of the battery will equal the sum of the amper- 
age of each cell. 



I^orhistancv, four cells of twenty-five amperes cac\vN<io\3\^^N^^\ft'v«X<^\ 
o/jG hundred amperes when coimected in paraU^V 
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A series mtdtiple connection, fig. 74, consists of two series 
sets of cells connected in parallel. In series multiple connections 
the voltage of each set of cells or battery must be equal, or 
the batteries will be weakened, hence each battery of a series 
multiple connection should contain the same number of cells. 

The voltage of a series multiple connection is equal to the voltage 
of one cell multiplied by the number of cells in one battery, and the 
amperage is equal to the amperage of one cell multiplied by the 
number of batteries. 




Pic. 75. — Diagram to illustrate incorrect wiring. The ciirrcnt pressure of the six cell bat- 
tery being greater than that of the smaller unit, current will flow from the ff.irmer through 
the latter until the pressure of the six cells is equal to that of the four cells. 



Fig. 75 shows an incorrect method of wiring in series multiple 
connection. If the circuit be open, the six cells, on account of 
having more electromotive force than the four cells, will over- 
power them and cause a current to flow in the direction indi- 
cated by the arrows until the pressure of the six cells has dropped 
to that of the four. This will use up the energy of the six cells, 
but will not weaken the four cell battery. This action caxv bfc 
corrected by placing a two-way switch in the c\.te\i\\. ^V *Ocv^ 
junction of the two negative terminals so that 0x^7 one >aa\X^t^ 
can be used at a tbne» 
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CHAPTER V 



CONDUCTORS AND INSULATORS 



Bodies differ from each other in a striking manner in the 
freedom with which the electric current moves upon them. If 
the electric current be imparted to a certain portion of the 
surface of glass or wax, it will be confined strictly to that por- 
tion of the surface which originally receives it, by contact with 
the soxirce of electricity; but if it be in like manner imparted 
to a portion of the surface of a metallic body, it will instan- 
taneously diffuse itself uniformly over the entire extent of such 
metallic surface, exactly as water would spread itself uniformly 
over a level surface on which it is poxired.* 

Bodies in which the electric current moves freely are ealled 
conductors, and those in which it does not move freely are called 
insulators. There is, however, no substance so good a conduc- 
tor as to be devoid of resistance, and no substance of such high 
resistance as to be a non-conductor. 

Mention should he made here of- the misuse of the word non- 
conductor; the so called ** non-conductors '* are properly termed 
insulators. 



♦NOTE. — The discoverjr of this property of matter is due to Stephen Gray, who, in 1729, 
found that a cork, inserted into the end of a rubbed glass tube, and even a rod of wood stuck 
into the cork, possessed the power of attracting light bodies. He found, similarly, that metal- 
lic wire and pack thread conducted electricity, while silk did not. 

Gray even succeeded in transmitting a charge of electricity through a hempen thread 
J^^^ 700 feet long, suspended on silken loops. A. \lU\e VaVet, 1>m Fv/ succeeded in sending 
^n^J"^'^ ^^ "^ ^^^ ^ cl/stance than 1,266 feet throug,h a Tno\%\.ttveAv\vt«»A.,SWv^N\T^\.V.R. 
adyJf^Jf"? P^T^ of moisture. From that time Ikie ciassi£Lca.\A.oti. oi \«^^ %3aXft c«dA»r.\««. 
'^^"'^tora Juu been observed. 
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odies named in the following series possess conducting 
different d^jees in the order in which they stand, the 
2ient conductor being first, and the most efficient insu- 
ig last in the list. 



and aQoys) 



ial oonductors. 



TABLE OF GONDUCrORS AND INSULAT(»tS 

Silver 

Copper 

Aliuxiinum 

Zinc 

Brass (aooording to oompositaon) 

Platinum 

Iron 

Nickel 
<Tin 

Lead 

German silver (copper 2 parts, cine 1, 
nickel 1) 

Platinoid (German silver 49 parts, tung- 
sten 1 part) 

Antimony 

Mercuiy 

Bismutn. 

'Charcoal and coke 

Carbon 

Plumbago 

Add solutions 

Sc^ water 

Saline solutions 

Metallic ores 

Living v^[etable substances 

, Moist eaith. 



Water 

The body 

Rame 

Linen 

Cotton 

Mahogany 

Pine 

Rosewood 

IJgnum Vits 

/Teak 

IMarble. 



Dry woods 
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Insulators, or so-called 
non-conductors. 



r Slate 

Oils 

Porcelain 

Dry leather 

Dry paper 

Wool 

Silk 

Sealing wax 

Sulphur 

Resin 

Gutta percha 

Shellac 

r^bonite 

Mioa 

Jet 

Amber 

Paraffin wax 

Glass (varies with quality) 
^ Dry air. 





\\\ \\\ \\\ \\\| 
' \\\ \\\ \\\ ^ 



Pigs. 76 to 78. — ^Various covered wires, fig. 7rt, sinRle; fig. 77, duplex; fig. 78, automobile 

high tension cable. 



The earth is a good conductor; much difficulty is frequently! 
experienced by the wires making contact with vSome substance: 
that will conduct the electricity to the earth. This is callec 
** grounding.'* 

^L , ^^TE. — Copper is pre-«minently the nieta\ used !ot e\ec\,rici coiv^wcWcm., \)«?«Ki «xa<QK\« ■ 
KiaZ^hl^^'^^".^^^'^' '^ »« exceUoil bv one or more ol \ive o\.Viex tueVaXa, ViiaX two KiSi«x ».vl 



in the average of all gualities. 
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MfxJe of Transmission.— The exact nature of electricity is 
■Jt knowTi, yet the laws governing its action, under various 
'inditions are well understood, just as the laws of gravitation 
je known, although the constitution of gravity cannot be 
lefined. Electricity, though not a substance, can be associated 




>iTVU>81. — Suodud porcelain inwldlora. 1^.79, 




6ga. SO and 81, grooved 



with matter, and its transmission requires energy. While it is 
neither a gas nor a liquid, its behavior sometimes is similar to 
that of a fluid so that it is said to "flow" through a conductor. 
This expression of flowing does not really mean that there is an 
; actual movement in the wire, similar to the flow of water in a 
1 pipe, but is a convenient expression for the phenomena involved. 

i Effect of Heat. — The conducting power of bodies is affected 
■\ in different ways by tJieir temperature. In iKe TCve\:S^?. \^ "■& 
/ 6^ efcrafiion or temperature; but in aao\.\veE\»efl«' 
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and especially in liquids, it is augmented. Some substances, 
which are insulators in the solid state, become conductors when 
fused. 

Sir H. Davy fotind that glass raised to a red heat became a conductor; and that sealing 
wax, intch, amber, shellac, sulphur, and wax, became conductors when liquefied by heat. 



Heating Effect of the Current. — If a current of electricity 
pass over a conductor, no change in the heat condition of the 
conductor will be observed as long as its transverse section is so 
considerable as to leave sufficient space for the free passage of the 
current. But, if this thickness be diminished, or the quantity of 
electricity passing over it be augmented, or, in general, if the 




Pig. 82. — Standard two wire porcelain cleat. 

ratio of the electricity to the magnitude of the space afforded 
to it be increased, the conductor will be found to undergo an 
elevation of temperatxire, which will be greater, the greater the 
quantity of the electricity and the less the space suppUed for its 
passage. 

These heat effects are manifested in different degrees in dif- 
ferent metals, according to their varying conducting powers. 



L V^XX U XXXV^VCVXO, CAV^V^VyX VXXXXg W WXXV^XX V bbX Y XXX^ \^>_mVX VXV«VXXX^ Ly>^ VT X«X K7. 

The poorest conductors, such as platinum and iron, suffer 
mac/i greater changes of temperature by tVve satcve Ocv^x^^ \>Max! 
^ ^ ^25/^ conductors, such as gold and copv^. 
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Tht charge of electricit}-, which only elevates the temperature 
one conductor a small amount, will sometimes render 
>ther incandescent, and will vaporize a third. 



Insulators. — The term insulator is used in two ways: 1, as 

insulating substance or medium, and 2, as a specially formed 

erf some insulating material, such as glass, porcelain, etc. 

sabstance has the power of absolutely preventing the passage 

:dectric currents between conductors but many have sufficient 

iting pKDwer for practical purposes. The properties to be 

in a good insulating material are: 



1. Permanence; 

2. High jKDwer of resisting breakdown; 
t 3. Mechanical strength; 

4. Fairly high dielectric or insulation resistance; 

5. Special qualities for the use to which the material is to be 
put. 



2Z. fcanpl 



A.-. 



Permanence is the most important quality, and is the one 
easily attained. The power of resisting breakdown is a 
ex quality, for it is not solely dependent on mere punc- 
ing pressure, but also on mechanical goodness, and to a 
extent on the insulation resistance. It cannot be easily 
ed by a simple laboratory test, but must be fotmd by 
ience of actual service conditions. 



hnpregnatin^ Compounds. — These are used for the treat- 
?u£<sf«xit of fibrous materials. They increase the insulating prop- 
tbaaVties of the fibrous materials, render them moisluTe ptool ^tv^ 
to withstand the effect of heat with less rapid de\.ei\ota\\<» 
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^ ^'VFhen wires or cables are to be used under water, the 
be iriade impervious, and great care must be taken to \ 
the water penetrating and thus injuring the insulation. 

Water as a Conductor. — Water, whether in the Ht 
vaporous form, is a conductor, though of an order 
inferior to the metals. This fact is of great importance 
trical phenomena. The atmosphere contains, suspends 
always more or less aqueous vapor, the presence of 
. impairs its insulating property. 

The best insulators become less efficient if their surl 
moist, the electricity passing by the conducting power 
moisture. This circumstance also shows why it is ne 
to dry previously the bodies on which it is desired to ( 
electiicity by friction. 
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CHAPTER VI 



RESISTANCE AND CONDUCTIVITY 



\hsistance is that property of a substance that opposes the flow of 
iActric current through it. 

[Hie practical electrician has to measure electrical resistance, 

lotive forces, and the capacities of condensers. Each 

these several quantities is measured by comparison with 

ined standards, the particular methods of comparison 

ig, however, to meet the circumstances of the case. 

Ohm's la^' states that the strength of a current due to an 
lotive force falls off in proportion as the resistance in 
circuit increases. It is therefore possible to compare two 
ices with one another by finding out in what proportion 
will cause the current of a constant battery to fall off. 

Silver is taken as the standard, with the percentage of loo, and 
conductivity of all other metals is expressed in hundredths of 
conductivity of silver. 



XOTE. — A current of eleetildty always flows in a conducting circuit when its ends aie 

fti different potentials, in the same way that a current of water flows in a pipe 

a certain pressure is supplied. The same electrical pressure docs not, however, 

lys prodticc a current of electricity of the same strength, nor does a certain prcssu*t! of 

ter ahrays produce a current of water of the same volume or quantity. In both cases 

strengtn or vohune of the currents is dependent not only upon the pressure applied, but 

vpoo the restsiatut which the conducting ciraut offers to the flow in Iht case oil «\^ • 

^ and on tbe Mc^ioaJwhkA may be eipttmcd n» retUUoce) which ihft pvyc Qal^;% <^> 
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Gonductiyity of Metals and Liquids. — The metals in gen- 
eral, conduct well, hence their resistance is small, but metal wires 
must not be too thin or too long, or they will resist too much, 
and permit only a feeble current to pass through them. Th( 
liquids in the battery do not conduct nearly so well as the metals, 
and different liquids have different resistances. Pure watei 
will hardly conduct at all, unless the voltage be very high. 

Salt and saltpetre dissolved in water are good conductors, 
and so are dilute acids, though strong sulphuric acid is a ba< 
conductor. Gases are bad conductors. 

Effect of Heat. — Another very important fact concerning 
the resistance of conductors is that the resistance in general in- 
creases with the temperature. While this fact is true regardinj 
metals, it does not apply to non-metals. The resistance oi 
different metals does not increase in the same proportion. Iroi 
at 100 degrees C, has lost 39 per cent, of the conductin} 
power it possessed at zero, while silver loses but 23 per cent. 



Laws of Electrical Resistance. — Resistances in a circuit 
may be of two kinds: 

1. Resistance of the conductors; 

2. Resistance due to imperfect contact. 

The latter kind of resistance is affected by pressure, for when th 
surfaces of two conductors are brought into more intimate contact th|j 
current passes more freely from one conductor to the other. 

The following are the laws of the resistance of conductors: 

1. The resistance of a coftducting wire is proportional to its 
length. 

If the resistance of a mile of telegiaph ^te\ie Vi OMCkS», >Qwa.\. <:>\ ^\:!\' 
tniles wUl be .50X13 =650 ohms. 




. Th^ resistance of a conducting wire is inversely proportional 
1 of its cross section, and therefore in the usual 
round wires is inversely proportional to the square of its 
diameter. 

Ordinary telegraph wire is about ^th of an inch thick; a wire twice 
as thick would cxinduct four times as well, having four times the 
aica of cross section; hence an equal length of it would have only 
>ith the r ■ 

'■ 3. The resistance of a conducting wire of given length and thick- 
ness depends upon the material of which it is made — that 
is, upon the specific resistance of the malertcU. 



Cooductlvlty. — This is the inverse of resistance. The term 
J the capability of a substance to conduct the electric 

H the symbol Y represent the conductivity of a substance, 
i I the current then : 

I 

— = its resistance; 

■sd if R represent the resistance of a substance, then 

■r- = its conductivity. 

Ciood conductors of heat are also good conductors of elec- 
tricity. 



'^" ' Specific Conductivity. — The figure which indicates the rela- 
tion between one substance and another as to their capacity 
- sfco conduct electricity is called specific or relotwe conduclwvks. 
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Taking the specific conductivity of silver as 100, that of pure 
copper is 96. 

The specific resistance of a substance is the reverse of its 
relative conductivity. The si>ecific resistance of a metal is 
generally expressed in millionths of an ohm as the resistance 
of a centimeter cabc of that metal between opposite side^. 

The following table gives the data for a few metals: 



Substance. 
Silver . . . 

^r. : : 

Iron (soft) 
Lead . . . , 
German Silver 
Mercury (liquid) 



Specific Resistance 
in Microhms. 

1.609 

1.642 

2.154 

9.827 
19.847 
21.470 
90.146 



Specific 
Conductivity. 

100. 
96. 
74. 
16. 

8. 

7.5 

1.6 



The specific resistance of copper is therefore: 
1,642 



1,000,000 



ohms, or 1.042 microhms.* 



Divided Circuits. — If a circuit be divided, as in fig. 83, 
into two branches at A, uniting again at B, the current will 
also be divided, part flowing through one branch and part 
through the other. 

The relative strength of current in the two branches will he pro-l 
portional to their conductivities. 

This law will hold good for any number of branch resistances 
connected between A and B. Conductivity is, as shown before' 
the reciprocal of resistance. 



*j\'OTE. — The prefixes " meg " aiid " micro " denote inillitMi and millionth. For cxamph 
megohm cqutds 1,000,000 ohma, a microhm cqvialv* \-^;f^^^ «^^ ^"^^ 
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EXAMPLE.— If, in fig 83, the resistance of R-10 ohms, and 
R'»20 ohms, the current through R will be to the current through R' as 

10 ^ 20 * oi^> ^ 2:1, or, in other words, % of the total current will pass 

through R and ^ through R'. The joint resistance of the two branches 
between A and B will be less than the resistance of either branch singly, 
because the current has increased facilities for travel. In fact^ the 
joint conductivity will be the stun of the two separate conductivities. 

Taking again the resistance of R»10 ohms and R'»* 20 ohms, the joint 
conductivity is 



10 '20 20 




BATTERY 

itiiriii 



Pic 83. — Divided circuit with two conductors in paraUd, 



nd the joint resistance is equal to the reciprocal* of — 



or 6H 



In most cases the resistance of the different branches will be 
like. This simplifies the calctilations considerably. Take, fof 
ustance, two branches of 100 ohms resistance each and find the 
Dint resistance. 



*NOTB. — ^Tb^ redptocal of a, namber ia equal to 1 + the number ; lot \xi9Xa:acft«>3cub t«3fi^ 
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SOLUTION: -Lh- ^ 



-^^ . -^^ -r7z^\ the reciprocal is ---=60ohms 
100 100 100 2 



other words, the joint resistance is one-half of the resistance of a 
branch, and each branch, of course, will carry one-half of the tot 
rent in amperes. 

With three branches of equal resistance, the joint resistance 

Jf ; with four branches }i\ with 100 branches-— of the resists 

a single branch. 








FxG. 84. — Hydraulic analogy for divided circtiits. In the system of pipes shown, wat 
from A B to C D through the six vertical pipes 1 to 6, the greatest amount going 
the one which offers the least resistance. If jpipes 1 to 6 all have the same dim 
equal quantities of water will flow through them. It follows that the resistanc 
the water encounters diminishes with the increase in the number of pipes betw* 
and C D. The electrical circuit presents the same conditions: the greater the 
of parallel connections (corresponding to the pipes 1 to 6) the less is the resists 
cotintervd by the current. 



If, for instance, the resistance of an incandescent lamp h 
180 ohms, the joint resistance of 100 such lamps connect 
mtiltiple is 

180 



100 



= 1.8 ohms. 



If the electromotive force of the system is to be, say 110 
tlien, according to Ohm's law, the current for 100 lamps is 
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110 

-—=61.11 amperes. 

1 • o 



jving for each lamp a current of 

110 



^ — .61 ampere. 
180 



I In the case of two branches only, the following rule may be 
Ipplied also: 

' MuUiply the two resistances and divide the product by their sum. 
Written as a formula: 



Joint resistance = . 

R+R' 



Asatn, assuming that R *= 10 ohms and R' »20 ohms: 

10X20 200 ^,, , 
Joint resistance 204-20 ""30 ~^/a ohms. 



This rule cannot be employed for more than two branches at 
Itnne. 

EXAMPLE — A current of 42 amperes flows through three conductoxB 
in parallel of 5, 10 and 20 ohms resistance respectively. Find the cur- ] 
rent in each conductor. J 

SOLUTION: Joint Conductance- •^+^+^="^- 

SappoehKg the cairent to be divided into 7 parts. 4 oi tVvesex>«x\a^aQa& 
-hitbeiat coaductor2m the second and 1 in the tVdxd. ' 
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The whole current is 42 amperes. 

t of 423-24. 
\ of 42-12. 
y of 42-6. 
Current in first conductor =24 amperes. 
" "second " =12 " 
" third " =6 " 
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CHAPTER VII 



ELECTRICAL AND MECHANICAL ENERGY 



The production of electricity is simply a transformation of 
energy from one form into another, usually mechanical energy 
is changed into electrical energy and a dynamo is simply a device 
for effecting the transformation. 

Prof. Fessenden truly remarks there are two independent properties 
of matter — gravity and inertia — and these give two ways of defining 
force and energy. 

It should always be remembered that electricity is something 
real, although not easily defined. And then, too, while it is not 
matter and not energy, yet under proper conditions (it having 
the power of doing work) it is convenient to speak of its per- 
formances as electric energy. The following questions and 
answers, although few in number, may present the subject with 
deamess. 



Ques. Vhat is energy? 

Ans. t ergy is the capacity for doing work. 



Steai.i under pressure is an example, a spring bent ready to bci T<i- 
leased is another term, again, waterstorcdin an elevated tatYVVv^^ca-v^V^ 
for doin^ work. These examples illustrate potential encr?,N, ^% ^vs.- 
tinguished from ktneiic energy. Potential energy may \^e \\vi^tv^^ ^^ 
gmergy due io Ostium, and kinetic energy, as energy due to momentum. 
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Ques. What is matter? 

Ans. Matter is anything occupying space, and which pre- 
vents other matter occupying the same space at the same time. 

Ques. What name is given the smallest quantity of 
matter which can exist? 

Ans. The atom. 

An atom means that which cannot be cut, scratched, or changed in 
form and that cannot be affected by heat or cold or any known force; 
although inconceivably small, atoms possess a definite size and mass. 

Ques. What is a molecule? 

Ans. A molecule is composed of two or more atoms. 

Ques, What is the behaviour of these minute bodies? 

Ans. They are perpetually in motion, vibrating with incredi-| 
ble velocities. % 

Ques. Why at this point are definitions of energy and| 
of matter most useful ? 

Ans. Because, as stated, all electric action is an exhibition] 
of energy, and energy must act through matter as its medium. 



NOTE. — A writer in the New Science Reviev undertakes to answer the question: *' What| 

is electricity? " In order to lead the reader up to the main question, ho first considers the natu- 

ral forces, gravitation and heat. Examples are given of how these forces are manifested am" 

how energy is changed from one form to another. Every form of force, the author says, shoulc 

be regarded as a different method in which energy makes itself known to the senses, lie calls 

particular attention to the important fact that the "resistance of one kind or another is always 

the agent that acts to alter energy from one form to another," and suggests that electricity Jj 

simply a form or manifestation that energy may assume under given conditions, and generally! 

is a mere transitory stage between the mechanical form and the heat form. " In m'>st opera-l 

tions," he continues, "mechanical force passes to the heat form without passing through the! 

electric form; but whenever magnetism is brought into play as a resistance that must b^l 

overcome, then mcchanicH] power applied to overcome this resystance always becomes eltc-j 

tn'city. if only momentarily in its passage from lV\c tuccVv«imcal to the heat form." In con-l 

elusion, he asks if the question: "What is e\eclr\c\\.v^ " ca.t\T\o\. \ift aLTvs-vtx^A.vcv^.l^Tlv satis- ■ 

tfj^^P" ^'^K ^y. ^yinff that it is mmply a form l\\at et\ct«v ma^j T^asam^ ^VS«. >Mve«v^fkcN!^ 

'rMusformuUoa from the mechanical or the chemical lorm Vi \3cie\ieaX. VoTvaoc >iJafeTO«««. 
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Ques. What is the difference between electricity and 
magnetism ? 

Ans. The idtimate nature of neither is known. There are, 
however, some differences. To sustain a ciurent of electricity 
requires energy. To sustain magnetism requires no energy. 
A current of electricity is always accompanied by a magnetic 
fidd of peculiar form. Magnetism alone cannot produce elec- 
tndU*. Electricity can do work; but magnetism cannot 
k the same sense — and alike with electricity, neither can it 
odst without contact with matter. 

Ones. Homr is energy transmitted from one part of 
a material substance to another? 

Ans. Gradually and successively. It requires a meditun and 
risotime. 

Qaes* What is the principal use or function in mechan- 
,kt (rf electricity? 

Ans. It is purely that of transmission. It corresponds to 
lopes, shafts and fluids as a medium^ of conveying and trans- 
power or work. 

Ques. What is work? 

Ans. Work is the overcoming of resistance through a certain 
ice. 

As a quantit^r of water moving from a higher to a lower level will do 
woric, so also will a quantity of electricity fcdling through a differanoe of ^ 
potential. , 

Qoes. How is work measured ? 
Ans. In foot pounds. 
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Ques. What is a foot pound? 

Ans. The amount of work done in raising a weight of one 
pound one foot or the equivalent, overcoming a pressure of one 
pound through a distance of one foot. 

Ques. What is the electrical unit of work? 

Ans. The volt-^ouhmb. 

A volt-coulomb of work is performed when one ampere of current 
flows for one second in a circuit whose resistance is one ohm, when the 
pressure is one volt. 

The Ampere-Hour. — ^A gallon of water may be drawn from 
a hydrant in a minute, or in an hour; it is still one gallon. So 
in electricity, a given amount of the current, say one coulomb, 
may be obtained in a second or in an hour. 

The ampere is the unit rate of flow. 

What is called the electric current is si iply the relation of 
any quantity of electricity passed to the time it is passing; that 
is 

quantity in coulombs » current in amperes X time in seconds, 
or simply 

coulomb = ampere X second. 



Again: 



10 coulombs = 2 amperes X 5 seconds 
= 10 amperes X 1 second 
= 1 ampere X 10 seconds, etc 



One ampere hour is simply another way of saying 3,600 cou- 
lombs. Of course 3,600 coulombs of electricity may be obtained 
in any desired time. It all depends on the rate of flow or the 
current strength in amperes. 

Por Instance, 2 amperes in J4 hour, ot 4 am^TC&*\t^ Vn'*^^'^ ^w^^aL^ \ 
give one ampere-hour of 3.600 coulombs 
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It is well to keep the distinction between coulombs and amperes 
n mind, as even in text books very lately published these units 
ire confounded. To illustrate further the difference between 
xralombs and amperes, the following example is given. 

It. is sometimes estimated that the quantity of electridtv in a flash 
of lightaiing is i\ coulomb, and the duration of the dischai-ge j^lzz 
part of a second. What is the current in amperes? 

Nowanoe 

coulombs *B amperes Xseconds (1) 

solving (1) for the current, 

*^r*^r^'r^ coulombs (2) 

amperes K r— 

seconds 
substituting the given values in (2), 

amperes- — f — -2000 



Power. — ^The term power means the rate at which work is 
ione; it is usually expressed as the number of foot pounds done in 
JKi minute^ that is 

foot pounds 

power = : 

minutes 

-• 
Power exerted for a certain time produces work. 

Ques* What is the mechanical unit of power? 

Ans. The horse power. 

Qoes. What is one horse power? 
Ans. 33,000 loot pounds per minute. 
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The unit is due to James Watt as being the power of a strong London 
draught horse to do work during a short interval and used by him to 
measure the power of his steam engines. One horse power =33,000 ft. 
lbs. per minute = 550 ft. lbs. per sec. = 1,980,000 ft. lbs. per hour. 

Ques. What is one horse power hour? 

Ans. Work done at the rate of one horse power for one hour. 

Ques. What is the electrical unit of power? 

Ans. The watt. 

Ques. What is a watt? 

Ans. It IS the power due to a ciurent of one ampere flowing 
at a pressure of one volt. One watt = one ampere X one volt. 
It is equal to one joule per second. 

Ques. What is a kilowatt? 

Ans. 1,000 watts. 



The Watt Hour. — The elements which may be measured 
are, however, not only the volume of current, the unit of which 
is the ampere, and time, the unit of which is the hour, but also 
the pressure, the unit of which is the volt. 

It is evident that a perfect system of electrical measurement 
should take account of the total amount of energy constmied, 
and should depend not only upon the volume of current, but 
also upon the pressure at which the current is applied. 

The basis of such a system if provided in a unit which is the 
product of the two units of current and pressure, and which is 
termed a volt-ampere or wait, 

T//e waU hour represents the amount of work done by an elec- 
/^f'c^ rurren^ of one ampere strength nowin^ Jot oncViour uYidet a 
Ar^ssure o/ one volt. 
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EXAMPLE. — An incandescent lamp taking one-halt an ampere of 
current on a circuit having a pressure of 100 volts, or a lamp taking one 
ampere on a circuit having a pressure of 50 volts, would each l>e con- 
suming 60 watts of energy, and this multiplied by the number of hours 
would give the total number of watt-hours for any definite time. 

The u-att, then, is an accurate and complete unit of measurement 
md is generally applicable to all/orms of electrical consumption. 




K.Ui — Trndall's apeiiinent illuitrstiriB the production of best by friction. A brustubc 
tbaat 7 inctm in lenRtli ind a of an inch in diamctrr, is ftied an a small wheel. By 

dobed vckxity. The lube is thrte psrUluU of water, andiscloKd by a cork, Innukine 
thr cxperimnit. the tube ii [iiHcal betwem a wooden clsmp. while the wheel ia rotated 
vith Bome rapidity. The waler rapidly becomes healed by the friction, and ita tea^ 
pratare Mtoa eaceedi the boiling point. The preAAUre cau.ied by the formation of gteam 
forcea out the cork and pTojcclj it to a height of leveral yonlt. 

A watt of electrical energy corresponds to -\s of a horse power of 
muJianical energy; hence, if a lamp or motor require energy equivalent 
t° ri* '^ ^ horse power for one hour, it might be said to take oiw 
watt-bour. 

(Mechanical Equivalent of Heat. — The eminent English 
physicist, James Prescott Joule, worked for more than forty 
' years in establishing the relation between keat and mecKatvCcal 
mart,- he ^ated the doctrine of the conservation, oi eoet^ m 
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discrvered the law, known as Joule's law, for determining the 
rr'.:. on between the heat, current pressure, and time in an 
rf ctric circuit. 

Ques. What is heat? 

Ans. A form of energy. 




Pig. 80. — Joule*' eiperiicenC on the mochanical equivalent of heat. In nhich he cauied paddle- 
dooe by gravity upon the weiffhtain causino them to descend through any distance d was 

paddio wheels thri^uBh it; that ia. it wafl wasti'd in eddy cuTrci 
meaAured the rise in the temperature of the water and fuund th: 

to raise a er&m of water one degree. Ho then Tept'ated the oxperimenl. Eubstituting 

"" "■" ' n these numbers ia less than was Co have been expected 



I □( his (hre< 



' heat. Tlie difference h. 
nm the 1 ' ■ ' ' 



Thill 



si 424. 



Cftfes. How ia heat measured? 

4as- In British theamal units (.B.t.u."). 
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Ques. What is the British thermal unit? 

Ans. The qtiantity of heat required to raise the. temperature 
rf 1 lb. of pure water 1® Fahr., at or near 39. 1° P., the temperature 
of maximum density. 

Ques. What is the mechanical equivalent of heat? 

Ans. The number of foot pounds of mechanical energy 
equivalent to one British thermal tmit. 

Joule's experiments 1843-50 gave the figure 772 ft. lbs. which is 
known as Joule's equivalent. Later experiments gave higher figures, and 
ike present accepted value is 778 //. lbs., that is: IB. t. u. ^77% ft. lbs. 

Electrical Horse Power. — It is desirable to establish the 
rdation between watts and foot pounds in order to determine 
the capacity of an electric generator or motor in terms of horse 

piver. 

One watt is equivalent to one joule per second or 60 joules 
per minute. One joule in turn, is equivalent to .7374 ft. lbs., 
bence 60 joules equal : 

60 X .7374 = 44.244 ft. lbs. 

Since one horse power = 33000 ft. lbs. per minute, the elec- 
trical equivalent of one horse power is 

33000 -h 44.244 = 746 watts, 
or, 

746 



1000 



= .746 kilowatts (K.W.) 



Again, one kilowatt or looo watts is equivalent to 

JOOO -h 740 — i.34 horse power. 
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The Farad. — ^The measure constructed to hold a gallon of 
water may be called the gallon measure. The capacity of a 
condenser which would contain a charge of c?ae coulomb under 
one volt pressure is the farad. It may seem strange that there 
is a unit of quantity and another of capacity to hold that quan- 
tity, when in the case of water the term ** gallon " may suffice 
for the measure and the liquid it can hold. Electricity in this 
respect, however, corresponds to a compressible fluid or a gas. 

A gallon measure may hold a gallon of gas or ten; it depends 
entirely upon the pressure. So a condenser of a certain size 
may hold any ntunber of coulombs, according to the electrical 
pressure. 

The farad being inconveriently large for practical use, one- 
millionth of a farad, called a microfarad, is generally adopted. 
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CHAPTER VIII 



EFFECTS OF THE CURRENT 



The term "electric current/' in the present state of our knowl- 
should be regarded as denoting the existence of a state of 
in which certain definite experimental effects are pro- 
1, for some of which there certainly is no analogy exhibited 
ordinary hydraulic currents. The following are the most 
it of these effects: 

1. Thermal effect; 

2. Magnetic effect; 

3. Chemical effect. 

It is rather to these effects than to any imaginary current 
in the conductor that the mind of the reader should be 



With this prelimary caution, which should never be lost sight 

the use of familiar words and expressions connected with the 

of water in pipes is justified in order to avoid roundabout 

cumbrous phrases which, though perhaps more nearly in 

rd with present knowledge of the facts, would not tend to 

kess or conciseness. 

The three most important effects of the. current jtist mea- 
^Ikmcd, xDa7 bejmsente(Jw more detail as follows; 
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1. The Thermal effect}— 

The conductor along which the current flows becomes 
rise of temperature may be small or great according to c 
but Bome heat is always produced. 



2. The Magnetic effect; 

The space both outside and inside the substance of tl- 
but more especially the former, becomes a "magnetic fie 
ddicfltely pivoted or suspended magnetic needles will tab 
positions and magnetic materials wiU beo 




Fic 87.— L«ii'iapi»rstmforineaiuriiialhe heat given off by andectrie CMr 
of ft wide mcnithed auippervd botue txeA upside down, with it* stoppc 
box^tbcHtopperwatpecforaledio as logivepasBaE^tDlwothldcplatintui 






lich ia produced by lb 



I be lESdily affiiedj the ' 
he cunmt is paaed throuj 

T. the ipedfie heat, and ■ 
Kiinpared with alcohol, tb 
le can ba calculated. 



3. The Chemical effect;— 

If the conductor be a liquid which ia a chemical compoun 
class called tUctrolytes, the liquid will be decomposed at the 
tbecumnt enters and leaves it. 
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rmal £ffect. — If a quantity of electricity were set flowing 
oeed drctdt and the latter offered no resistance, it would 
rever, just as a wagon set rolling along a circular railway 
never stop if there were no fricHan. 
ra matter in motion is stopped by friction, the energy of 
•tion is converted into heat by the friction thus causing 




.~Tlw Seebeck effect: If in a complete metallic drctiit having jnnctiooa of dia- 
iler snetala. the jtmctione are at different temperatures, then generaHy a iteady 
rent win flow in the drcnit aa long aa the differences of the temperatnret of the 
ctioa is maintained. To demonstrate this, a piece of copper K bent in the shape 
I in the figure, was placed on a block of bismuth A B, carrying a pivoted magnetic 
As N S; as soon as the equality of temperatures was altered oy either heattng or 
na of the {unctions <k the two m^als, the needle indicated a current which 
to flow as long as the difference of temperature was maintained at the junctions. 
It of the needle indicated the direction in which the current flowed. If. for 
. the north junction B were heated, the N pole moved eastwards, showing that at 
hsatad junction the current flows from the bismuth to the copper, at the cold junction 
B the copper to the bismuth. 



natter to come to rest. Similarly, when electricity in 
n, that is, an electric current is stopped by resistance, the 
7 of its flow is transformed into heat by the resistance ot 
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If the terminals of a battery be joined by a short thick wire 
of low redstance, most of the heat will be developed in the 
battery, whereas, if a thin wire of high resistance be used it 
will become hot, while the battery itself will remain comparatively 
cool. 

To investigate the development of heat by a current. Joule 
and Lenz used instrvmients on the principle of fig. 87, in which 
a thin wire joined to two stout conductors is enclosed within a 
glass vessel containing alcohol, into which is placed a thermom- 
eter. The resistance of the wire being known, its relation to the 
other resistances can be calculated. Joule found that the niunber 
of heat units developed in a conductor is proportional to: 

1. The resistance; 

2. The square of the current strength; 

3. The time that the current lasts. 

Joules* law may be stated as follows: 

The heat generated in a conductor by an electric current is proA, 
portional to the resistance of the conductor, the time during which\ 
the current flows, and the square of the strength of the current. 

The quantity of heat in calories may be calculated by use of the 
equation, 

calories per second = volts X amperes X .24. (1) 

The total number of calorics H developed in t seconds will be given by 

H = P. D. X C X t X .24. (2) 

EXAMPLE : — If a current of 10 amperes flow in a wire whose terminals 
are at a potential difference of 12 volts, how much heat will be developed 
in 5 minutes? 

Substituting in equation (2) : ! 

10 X 12 X (00 X T)} X .24 = 8640 calories. 

SJnce by Ohm*s Law potential diflorence = I X R 
substituting I R for P. D. in (2) 

K=I'RXtX24 
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Use off Heat from Electric Current. — In the transmission 
irfdectricity from place to place, it is very desirable that none 
rfthe energy be expended in heating the conductor. Hence 
copper wires of the proper size must be used. 

In wiring a building for electric lights, the insurance rules re- 
ire that the wires be of a certain size and that they be put 
in a certain manner. Otherwise they will not insure a building 
fire. 

It is often desirable, however, to use the electric current for 
purpose of producing. heat. The carbons of the arc and 
idescent lamps are intensely heated that they may produce 

fhu Coils of German silver wire or other high resistance wire 
heated by the passage of a current through them. In this 
ler the electric stove is made. 

Soldering coppers, smoothing irons, and baking ovens are 
ited in a similar manner. 



Magnetic Effect. — ^An electric ctirrent flowing in a vire causes 

;to be surrounded by a magnetic field, which consists of lines of 

encircling the wire. The field is strongest near the wire and 

>hes gradually in strength at increasing distances there- 

The presence of this magnetic field is shown by various 

lents and the subject is fully explained in chapter IX on 

ixsm. 

Chemical Effect.— Pats van Trostwyk (1789) pointed out 
ttiat an electric discharge was capable of decomposing water; to 
4ow this he used gold wires, which he allowed to dip in water, 
connecting one of them with the Inner, and another with the 
otiter coating of a Leyden jar, and passing the discharge through 
the water. The gas bubbles collected proved to consist of oxy^^ea 
aod ^jirogen gas. 
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Nicholson and Carlisle (1800) dipped a copper wire which was 
connected with one of the poles of a voltaic pile into a drop of 
water, which happened to be on the plate connected with the 
other pole; gas bubbles appeared, and the drop of water became 
smaller and smaller. 

This experiment was repeated in a somewhat different manner, the 
brass wires from a pile being brought under a tube filled with water and 
closed at the top. Gas bubbles were produced by the wire in connection 
with the negative pole of the pile, and the water was observed to diminish 
gradually. At the positive wire, on the contrary, no gas came off, but the 




Fig. 89. — An electrolytic cell. The parts are: A, cell; B, electrolyte; C, positive electrode or 
cathode; D, negative electrode or cathode.* 

metal lost its metallic lustre, became dark, and finally crumbled away. 
The ^as which had collected in the tube proved to be hydrogen; while on 
examining the black mass it was found that the constituents of brass, viz., 
copper and zinc, had beconje oxidized. 

Electrolysis. — Electric analysis or more briefly electrolysis was 
the term applied by Faraday to the process of decomposing a 
liquid by the passage of a current of electricity through it. 

The vessel containing the liquid is known as an electrolytic cell. 
In fig. 89, A is the cell, which may be of glass or of any other 
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laterial, and B is the liquid which is to be electrolyzed. 
nters by the positive electrode C, also known as the 
verses the liquid, and leaves by the negative electrode, 
D. 





^ itui for decompofldng water by electroljrsis. Platinum electrodes P 

at the bottom of two upright tubes O and H. and are connected to the 

and T^ by platintmi wires, which are fused through the glass of the tube*, 
es have t^ian stop cocks S and S' at their upper ends, and at their lower ends 
:ted by a short uass tube, from the center of which rises the large central tube 
Ands with a bulb at its upper end. which is open at the top. Tne three tubes 
jed with acidulated water from the central tube, the previously contained air 
ared to escape through the stop cocks, which are afterwards closed. If it be so 
. the tenninal T be attached to the positive and T' to the negative pole of a 
attery, bubbles of gas will be observed to rise from the plates P ana P', and 
leir way to the top of the respective tubes, will displace the liquid, which will 
into the open central tube. The gas rising from the anode P is oxygen (O), 
tiflififf from the kathode P' is hydrogen (H). If the tubes are graduated^ ^<b 
I beloand to occupy about twice the volume of the former. T\ie yraooft^attxa 
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The passage of current through the water splits up its mole- 
cules into their constituent atoms of oxygen and hydrogen, 
the former being given off in bubbles at the anode, and the latter 
at the cathode. 

When cturent is passed through a solution of copper sulphate 
between platinum electrodes, the liquid is decomposed, atoms 




Pic. 91.— Grotthuas* theory of electrolysis. Grotthuss in ( 1 806) , annotmced his theory th*t tlia 
molecules in an electrolyte have their individual electro-positive and electro-negative 
atoms charged positively and negatively respectively. In an ordinary liquid, for instance 
in water, the molecules are arranged indifferently, like row 1, with their positive and 
negative ends pointing in all directions. When the charged ^plates A and B connected 
to the + *ttid — poles of a battery are inserted in the water, the molecules under the i 
action of the laws of electrostatic action turn as shown in row 2, so that all the hydrosen 
or shaded ends (+) are turned towards the (—) plate B and all the oxygen or tmshaded 
ends (— ) towards the (Hf- ) plate A. All along tht row the electrical forces are supposed 
to tear the molecules asunder, depositing H on B and O on A. The atoms in the middle 
of the liquid, however, recombine, for the hydrogen atoms in their journey towards bj 
meet the oxygen atoms travelling in the opposite direction, and we get the state of affairs j 
represented in row 3. The next step is to rotate once more the atoms into the i>08itionij 
shown in row 2, and so on. In this way the theory accounts for the products only appearing { 
at the electrodues and not in the body of the liquid. 



of copper being deposited at the cathode, bubbles of oxygei 
being given off at the anode, and sulphuric acid being formed ii 
the liquid, which latteT becomes moTe axv^Tcvot^ a.cA^s»>CckRi^ac3s^^^'^ I 
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If, however, the anode be of copper instead of platinum, no 
sulphuric acid will be formed, neither will oxygen be given off 
at the anode. As copper is deposited at the cathode, an equal 
quantity will be dissolved at the anode, so that the original con- 
stitution of the liquid is maintained. 

The atoms separated from each other by the electric current 
were called ions by Faraday; those going to the anode being 
anions, and those going to the cathode being kathions. 

Anions are generally regarded as electro-negative, because they 
move as if attracted to the positive electrode, while kathions 
•re regarded as electro-positive. 

I In order to explain the transfer of electricity and the transfer 

I €f matter through the electrolyte, Grotthuss put forward the 

hypothesis that when two metal plates at different potentials 

I are placed in a cell, the effect produced in the liquid is that the 

molecules of the liquid arrange themselves in innumerable 

chains, as shown in .fig. 91, in which every molecule has its 

atoms pointing in a certain direction, the electro-positive atom 

being attracted towards the cathode and the electro-negative 

towards the anode. An interchange then takes place all along 

.'the line, the free atoms appearing at the electrodes, and every 

iatom discharging a minute charge of electricity upon the elec- 

'bode at which it is liberated. 

« 

Electro-chemical Series. — ^This is an arrangement of the 
metals in a series in such a manner that the most electro-positive 
ii at one end and the most electro-negative at the other. 

The order of the metals varies with the electrolyte in which 
the metals are tested. 

The following table shows such series for the tnosX. coooiDfiPCL 
Moetala^ in three diSerent solutions: 
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Sulphuric acid. 


Hydrochloric acid. 


Caustic potash. 


Zinc 


Zinc 


Zinc 


Cadmium 


Cadmium 


Tin 


Tin 


Tin 


Cadmium 


Lead 


Lead 


Antimony 


Iron 


Iron 


Lead 


Nickel 


Copper 


Bismuth 


Bismuth 


Bismuth 


Iron 


Antimony 


Nickel 


Copt)er 


Copper 


Silver 


Nickel 


Sttver 


Antimony 


Silver 


Gold 






Platinum 







Faraday stated several laws of electrolysis, as follows: 

1. The quantity of an ion liberated in a given time is propor- 
tional to the quantity of electricity that has passed through the 
voltameter* in that time. 

2. The quantity of an ion liberated in a voltameter is propor- 
tioned to the electro-chemical equivalent of the ion. 

3. The quantity of an ion liberated is equal to the electro-chemical 
equivalent of the ion multiplied by the total quantity of electricity 
that has passed. 



Electric Osmose. — Porret observed that if a strong cturent be 
led into certain liquids as if to electrolyze them, a porous par- 
tition being placed between the electrodes, the current mechan- 
ically carries part of the liquid through the porous diaphragm, 
so that the liquid is forced to a higher level on one side than, 
on the other. This phenomenon is known as electric osmose. 

Electric Distillation. — Closely connected with the preceding 
phenomenon is that of the electric distillation of liquids. It was 
noticed by Beccaria that an electrified liquid evaporates more 
ra/^'dl}f than one not electrified, 

*NOTB. — The name voUameUr was given by "Paradav \jo axv eVwittoViXit c:^ «m3^im«A.«a •► 
JS^' P' '"Cfuring an electric current by the amount ol daexmcal dL«»EDV«Wtf».^a» wsnwjX 
*^«c^Xo lJ«J«(^^7£rouwh the celL 



I 
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GemoE has recently shown that in a bent closed tube, containing two 
portioos of liquid, one of which is made highly + and the other highly — , 
the tiqaid passes over from + to — . This apparent distillation is not 



dne to difierenoe of temperature, nor does it depend on the extent of 
scaiace exposed, but is effected by a slow creeping of the liquid along the 
interior soifaoe of the glass tubes. Bad conductors, such as turpentine, 
do not thus past over. 




Vte. 92. — Effect of the electric current on a frog's legs; discovered in 1878 by OaliMuii. 

' Muscular Contractions. — It was discovered in 1678 that 
when a portion of mtiscle of a frog's leg, hanging by a thread of 
jierve bound with a silver wire, was held over a copper support 
i«> that both nerve and wire touched the copper, the muscle 
^aomediately contracted. 

More than a century later Galvani's attention was drawn to thd 
yJfeje ct by his observation ot spasmodic contractions itv tiv'^ Ve^gk tl 
I ™^ ^^ ^"^ oodter the inQuence of the * * return sViocV «s:^enea^ 
#f«rr Aa» « /leiAfwib^ e/ec toe machine was dia^ 
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The limbs of the frog, prepared as directed hy Galvani, are shown 
in fig. 92. After the animal has been killed the hind limbs are de- 
tached and skinned; the crural nerves and their attachments to the 
lumbar vertebrae remaining. For some hours after death the limbs 
retain their contractile power. The frog's limbs thus prepared form 
an excessively delicate galvanoscope. 

Electroplating. — This is the process of depositing a layer or 
coating of a rarer metal upon the surface of a baser, or of a metal 
upon any conducting surface, by electrolysis. 

The electric current used may be obtained from a battery or 
other source. The battery has its positive plate connected to a 
rod extending across a trough or tank containing the plating 
bath. 

Suspended from the rod are anodes of gold, silver, or copper 
or whatever metal from which a deposit is desired. The other 
plates of the battery or the negative elements, are connected 
with another rod across the trough, to which are suspended the 
articles to be plated. 

Electrot}rping. — This is the process by which, type, wood 
cuts, etc., are reproduced in copper by the process of electro- 
plating. A mould is first made of the set type in wax; this 
mould is next coated with black lead to give it a metallic surface, 
as the wax is an insulator; the mould is then subjected to the 
process of electro deposition, resulting in the formation of a film 
of copper on the prepared surface. 

The copper shell is removed from the mould by applying hot 
water; the shell is then backed up with electrotype metal to 
render it strong enough for use. 

Almost all the illustrations in this book, for example, are 
printed from electrotype copies, and not lioxativ^ oti^nal wood 
^ocks, which would oot wear so wdl. 
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MAGNETISM 



■Tlie ancients appBed the wonJ. "magnet," 
lapes, to certain hard Uadc stones which possess the 
pigatf at attracting small pieces of iron, and as discovered 
bcT, to have the still more remarkable property of pointing 




ta.tt.— SbB|de< 

Wabnvcu 

S. W. toindkata tlw cwouiw ponuj 
■ptaat the clu* who) the batton d ii 

wth and south when hung up by a stnni;. At this time the 
magnet received the name of lodeslone or "leading stone." It is 
rammonly, though incorrectly, spelled loadstone. 

Ones. Dociibe two kinds of inagnetlsm. 

Ans. Magnets have two opposite kinds of magnetism or 
magnetic poles, which attract or repel each other in much the 
WW wmvas would two oppoat^ kinds o£ eleCtrificfctaott. 
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Ques. What is the nature of each khid of ma^etism? 

Ans. One has a tendency to move toward the north and the 



other toward the south. 



i 





Pics. 94 to 96. — Simple bar magnet and horse shoe magnet with kuper. These are Icnown 
aa permanent magnets in distinction from dectro-magnets. The horse shoe magnet will 
attract more than the bar magnet because tx>th i>oles act together. A piece of soft iron, 
or keeper is placed across the ends of a horse shoe magnet to assist in preventing the loss 
of magnetism. 



■iiiiiiiiili 





Figs. 97 and 98. — Horisontal magnetic needle, and magnetic "dip" needle. A magnetic 
needle consists of a small bar magnet, supported upon a pivot or suspended so that it is 
free to turn in a horizontal or vertical plane. The form of magnetic needle illustrated in 
fig. 97 is arranged to show the xragnetic meridian; the needle moves upon a perpendicular 
axis or pivot ab. In fig. 98, the needle sn turns upon a horizontal axis ah. lliis needle 
indicates the dip or inclination, that is. the angle which it makes with the horisontal 
plane, due to the fact that in most places the lines of force are not horisontal. In the 
northern hemisphere the N pole of the needle \a depTt^«aed« \.tv \.Vv^ w»aL\.\Mra hemisphere 
the Spo/e is similarly affected. When uted , the dip tveedit tuu«X \ife «(X %a>aM»X^ \i^ti\aBL 
•rfrj^A the needle twiDgg oooUfaia the macnetic toei^diMi, %»\skdk!iM^\n ^BA^o6vK»aL 
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Ques. Where is the ma^etism the strongest? 

Ans. In two regions called the poles, 

Ques. Describe the distribution of magnetism in a long 
•haped magnet. 

Ans. The strongest magnetism resides in the ends, while all 
around the magnet half way between the poles there is no at- 
traction at all. 




fs. 09. — Ma^etic poles. If a bar magnet be plunged into iron fiKncs and then lifted, aa 
iSuitTated in the figure, a mass of filings will cling to the ends of the magnet but not to 
the middle. The ends are called the pout rd the magnet. 

^ Ques. How are the poles designated ? 

Ans. They are called the north pole and the south pole. 






Ques. What Is the distinguishing feature of each ? 

Ans. The north pole points approximately to the earth's geo- 
graphical north, while the south pole of a magnet points approxi- 
niately to the earth's geographical south. 

The north pole is the positive (-f ) pole and the soviVVv '^'^ v& ^'fc 
negative. The north ana south poles were formeTVy ca>\<&i*vcv'^?T%xtf»^ 
the aastnd and banal poles respectively. 
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Magnetic Field. — ^When a straight bar magnet ^s held tinder 
a piece of card board upon which iron filings are sprinkled, the 
filings will arrange themselves in curved lines radiating from the 
poles. K a horse shoe magnet be held at right angles to the 
plane of the card board, the filings will arrange themselves 
in curved lines, as shown in fig. 108. These l^nes are called 
magnetic lines of force or simply lines of force; they show that the 
medium surroimding a magnet is in a state of stress, the space 
so affected being called the magnetic field 

NAB C X 



rn. 




t^:^ 



Plc, 100. — Badly magnetized bar. Properly mainietizcd magnets have only two poles; It is 
possible, however, by special or cartless magnetization, to produce magnets with more 
than two poles, but no process will produce a magnet with a single pole. If an abnonnal 
magnet with more than two poles be dipped into iron flings* the latter will adhere at 
places other than the two ends, as shown m the illustration. The polarities are alternately 
N and S; that is, the regions N, B. N, have north polarity, while A and C have 8oatn 
polarity. These are known as consequent poUs, 
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Pigs. 101 to 107. — Effect of breaking a magnet into several parts. If a magnetized needle bo 
broken, each part will be found to be a complete magnet having a N and S pole. The 
sub-division mav be continued indefinitely, but always with the same result as indicated 
in the figure. This is evidence of the correctness of the molecular theory of magnetism, 
which states that the molecules of a magnet are themselves minute magnets arranged in 
rows with their opposite poles in contact. 



Ques. What is the extent and character of the mag- 
netic field? 

Ans. The influence of a magnet is supposed to extend in all 
directions indefinitely, however, the eftect is very slight beyond 
a comparatively limited area. 




ViL U^ — Tb« nttion ftbout a nu^tnvt la which Ita nuoaetlc forces can be delected it called 

Ike mtiutitiM. Thil cma be reprewnted graphically by placi-" - "■— "' " ' 

nm the munet end iprinkUng iron filing! on the pHper. gently ti 
Bidi OUnc Mcome* ■ temporary munet by inifiirliini. and Kti 
Medk, in tha (Ufvction of thciiiu^Jora of the nugnetic field' 



■S.tm 




fit lOB. — TndBK Bom el fores witli ■ •Depended mssnrt. If a Bmall iniiKni 
padcd br B tBraad, be held naar ■ magnet, it will [>rimt in cme Ried dire 
Mtbcpruilniity otthepoleiof thamagnEt. The diitctinn taken b^ At „ 
the direction of the frnmat Ihe point, and if the suspended neetWo be Tno-«A' 
the direction o^l*"Po/;./t»ia (race orn a curvi-d line which »n\\ be l»l!v4« 
?'.'<'*I««S-_f™-"P'«."» other. Any numberof BudiUiKiCMibtWw* 



needle, wv 
m depending 



(bif«r«' 



■aim. alurmdac the other. Any number of au 
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Pig. 110. — Magnetic action: Unlike poles ofnuit»ets uUract each other. 





Fig. llh — -Afagnetic action: iifct ^oles c^ matiuis rc^d eodi dOMir. 
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Mag;iietic Force. — ^This is the force with which a magnet 
or repels another magnet or any piece of iron or steel, 
force varies with the distance, being greater when the mag- 
is nearer and less when the magnet is farther off. The f ol- 
are the laws relating to magnetic force: 

L Uke magnetic poles repel one another; unlike magnetic poles 
one another, 

I The force exerted between two magnetic poles varies inversely 
fAt square of the distance between them. 



Kagnetlc Circuit. — ^The path taken by magnetic lines of 
is called a magnetic circuit; the greater part of such a dr- 
is usually in magnetic material, but there are often one or 
air gaps included. The total number of lines of force in 
circuit is known as the magnetic flux. 

Ones. How is magnetic flux measured ? 

Ans. By a imit called the maxwell. 

Named after James Clerk Maxwell the Scottish ph3rsicist. 



Qaes. What is the maxwell? 

Ans. The amount of magnetism passing through every square 
imetre of a field of unit density. 

Ones. What is the tmit of field strength? 
Ans. The gauss. 

Qaes. Whati8a^U88? 

Ans. The intensity of field which acts on a unit pole with a 
hce of one dyne, // is equal to one line of /orce fer sqjmaiit 
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ctntinutre. Named after Karl Fiiedrich Gauss, the German 

Tnn ttiftmft ri riftn , 

The Magnetic Effect (rf the Current.— Hans Christian 
Oerstead, the Danish scientist, discovered in 1819 that a magnet 
tends to set itself at right angles to a wire carrying an electric 
current. He also foimd that the way in which the needle turns, 
whether to the right or left of its usual position, depends: 
1, upon the position of the wire that carries the current, whether 




PlO. Ill- ---- 

Unea of force. According 
mBBUtiefcra art in Ihi loi 

ardliuuy carklrrtu. Thua, In the tipin. i( H current How tUrougB tie win aft m ine 
(Unctioa from a to ft. the magnetic lin« wtll encircle the win in the direction of the curvod 

In the direction of the arrow h. 

it be above or below the needle, and 2, on the direction in which 
the current flows through the wire. 

To keep these movements in mind numerous rules have been 
suggested, of which the following will be found convenient: 

Corkscrew Rule. — // the direction of travel of a right handed 

corkscrew represent the direction of the current in a straight con- 
cfu^^r, ihe direction of roMion of tiw corkscrew will represent the 
a^ac^e»f a/ the magnetic lines oj /orce. 
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^ 111— Kipoimort Amrlns direction of line* of fores li 
nulBctor curyinc ui eltctric currsit. A piece of tx 
nt? of ■ vhevt of cftidboanl. mo4 eaTTi«f verticaTIv 
umid to the terminali of ■ battery or other soutcc of cutimi. II Iron r 
«lr the cwd whilt the cunmt is PMrnng. Ihey will .rrflrm ihemneWei 
•^ *in. th«> Indicatina Ihe fonn of the magnetic Mi (urrounitii 
nwjr tiia be med to ibow the dinKtinn □( the linei of fi 



I the miicnetlc field ninounding a 
tpper wIto I* pierced thiouflb the 
lor two or tSree f«t then bent 




K I)l--S]ibt liaiifl mb to detannine the direction of tnngiietlc field uound * coodoctot 
m iil M » cMTgnt- The thurabo/iAerfffht haridliplaccd alons A«c(]ti&'a<Mil.wta,'&ii% 
■ li JMtt t iSfi ^ ^ Xn^.l". carrtnt It floirins, then, if Vbt finacn be MirVj duM&~ ■> 
*W»*«»»«ta«f""i«i.tt«4qfw tip. will pofaitlnUio direction Qtth«BU«i«ftl«iVBWl» 
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Ques. What is the effect of a current flowing In a loop 
of wire? 

Ans. If, in figs. 116 and 117, the current flow in the direction 
indicated by the arrow, the lines for magnetic force are found to 
surround the loop as shown; all the lines leave on one side of the 
loop and return on the other; accordingly, a north pole is formed 
on one side, and a south pole on the other. 



BATTERY 




Fig. 115. — Right hand palm rule to determine the direction of the magnetic field around a 
conductor carrying a current: Place the palm of the outstretched right hand above and 
to the right side ot the wire with the fingers pointing in the direction of the current, and 
the thtimb extended at ri^ht angles, that is. pointing downward. The direction in which 
the thumb points will indicate the direction of the magnetic whirls. 




P/G. 116. — Lines of force of a circular loop. If a current flow through the loop in the direction 
indicated, the lines of force both inside and outside the loop, will cross the plane of the 
^2°P at right angles, and all those which cross iVie \oo;> otv V\vft VcvvAft ^^r^ Y^ae^ ^Jbueonch 
tAe plane in one direction (downwards in the fi<jm«^ , w^>\^ «\\ Qfa X>aft w!«aA*-feCicx«iVa5», 
tiirough the plane in the opposite directioa. 
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enoids. — A solenoid consists of a spiral of conducting wire 
i cvlindrically so that, when an electric current passes 
;h it, its turns are nearly equivalent to a succession of 
si circular circuits, and it acquires magnetic properties 
r to those of a bar magnet. 

es. What is the character of the lines of force of a 
old In which a current is flowii^? 

;. The Unes of force must be thought of as closed loops 
1 with the current. The conductor conveying the current 




-tJDflm of force of ■ circular loop. If the loop pau Ihroufh a pit 
uiala to ita pUae, and the current How u indicated, tbc dotted 
win rrPT fta ent the diiection of the lines of force in the plane of tb 
It ahociM verifr the Una of force aa here ^ven by Applying the c 



e of cardboard at 

'cardboard. The 



ises through all the loops of force, and these are, so to speak, 
naded or slung on the current line of flow, as in fig. 116. 

Ones. What is the distribution of the lines of force? 

Am. The lines of force form continuous closed curves running 
nn^ the interior of the coil; they issue irortt cmft tsA *:^ 
triito tbe other end of the coil, as shovitt m fe&. W 
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Quea. What are the properties ot a solenoid ? 

Ans. A solenoid has north and south poles, and in fact pos- 
sesses all the properties of an ordinary permanent magnet, with 
the important difference that the magnetism is entirely under 
control. 

Since & solenoid carrying & current attracts and refuels by its ex- 
tremities the poles of a inagael^ two such solenoids will attract and 
rq)el each other. 




Pia> IIB. — Hvnetic field ot a lolcnoid. This ia best obierved by cuttini > piece of urdboud 
ud fitting it around the Bolenoid, as shoBn. If iron filings bo Mpfintltd on tbe enrdbour^ 
And * current passed through the solenoids the character "' '""" ^-'" '" ■--*'--- -■■ "-'-»- 



Sj.^'i 



nal piuiei of tbe coil, b 



ited. Witti 
jass needles 
marked on the 



Ques. How does the magnetic strength of a solenoid 

vary? 

■i^ns. It is proportional to th.e sttengOn. ot yci& tVest-ria current 
Passing through it. 
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Ques. On what, besides the current strenitth, doe* du 
oMgnetizliiA power of a solenoid depend? 

Ans. The magnelic effect or ike magnetising power is propor- 
L iioHal to the number of turns of wire composing the coU, 

Ques. How may the m^netlzliig power ot ^ "Glenoid 
\te increased? 

Ans. By inserting in the solencnd an iron core or round bar 
I if soft iron. 




M huidniletor paUrlty ofa lalenoid: If the •olenohl be p 
Ihe finsen point in the diriction in which ihe currei ■ 
ended wlD point In the direction ot the north poie. 

Ques. Describe the action of an iron core. 

Am. At first, tlie presence of an iron core greatly increases 
9ie strength of the field; after a time, however, as the strength 
if the current flowing in the exciting coils is increased, the 
Mdiictibility of the iron for the lines of force appears to decrease, ' 
HJtil a point is eventually reached when the presence of the iron 
tm appears to have no effect in increasing the sUeo^^ c£. \]da 

m 
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Permeability. — Permeability is a meastire of the ease with 
which magnetism passes through any substance. It is defined 
as: the ratio between the number of lines of force per unit area 
passing through a tnagnetizahle substance^ and the magnetizing 
farce which produces them. 




PERMEABILITY «-§. 

H 



/ 




Pigs. 120 and 121. — Illustrating the effect of introducing an iron core into a solenoid. In the 
upper figure, the air space or "air core" surrounded by the solenoid offers considerable 
resistance to the passage of mcLgnetic lines, allowing only a small number to pass through. 
If a piece of iron be introduced, as in the lower figure, the number of lines will be greatly 
increaaed. The number of lines B passing through a unit cross section of the^ iron core 
divided by the number of lines H, passing through a unit cross section of the air core is 
called the PermecMliiy and designated oy the Greek letter /a. 

In other words, it is the ratio of flux density to magnetizing force. 
Permeability is a measure of the ease with which magnetism passes 
through any substance. The penneabiVit^ ol ^cio^ '^c^Vc -wco^aj^x. Ssssa. 
^ sometimes 8000 times that oi ak, vai^m ^'^'^ ^^ o^Mia&Jcj cl XJt.- 
xnoo. 



MAGNETISM 



119 



Ques. What is the effect of increasing the magnetiza- 
tion? 

Ans. The magnetic permeability decreases as the magnetiza- 
tion increases. 

Ques. What is magnetic saturation? 

Ans. The state of a magnet which has reached the highest 
degree of magnetization. 




he 122. — Action of currents on solenoids. To demonstrate this fact experimentally, a solenoid 
it constructed as shown, so that it can be suspended bv two pivots in the cups a and c. 
The solenoid is ther movable about a vertical axis, and if a rectilinear current QP be passed 
beneath it* which at the same time traverses the wires of the solenoid, the latter is seen 
to turn and set at right angles to the lower current: that is. in such a position that its 
drcnits are parallel to the nxed current; moreover, tne current in the lower part of each 
of the circuits is in the same direction as in the rectilinear wire. If. instead of passing a 
rectilinear current below the solenoid, it be passed vertically on the side, an attraction 
or repulsion will take place, according as the two currents in the vertical wire, and in the 
aesxest part of the scdenoid, are in the same or in contrary directions. 

A magnet, just after being magnetized, will appear to have a higher 
degree of magnetism than it is able to retain permanently; that is, it 
wifi appear to be super-saturated, since it will support a greater weight 
inunediately after being magnetized than it will after its armattu^ 
has been once removed. 



For all practical purposes, magnetic saturation may be defined 

as: That point of magnetization where a very Xfxtyi \ncirea&^ 

m Oe magne^Mng force does not produce any {)6rce^tible Incteose 
m M^ magnetisation. 
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From tests it has been shown that permeabiKty increases witt 
the flux density up to a certain point and then decreases, in- 
dicating that the iron is approaching a state of saturation. 

Magnetomotive Force. — This is a force similar to electro- 
motive force, that is, magnetic pressure. When a coil passes 
around a core several times, its magnetizing power, or magneto- 
motive force, (m.m.f.) is proportional both to the strength of the 
current and to the number of turns in the coil. The product ol 
the current passing through the coil multiplied by the number 
of turns composing the coil is called the ampere turns. 

It is known by experiment that one ampere turn produces 
1.2566 units of magnetic pressure, hence: 

magnetic pressure = 1.2566 X turns X amperes 
that is, 

magnetomotive force (m.m.f.) = 1.2566 X n X I. 

The unit of magnetic pressure is the gilbert (named aftei 
William Gilbert, the English physicist) and is equal to 
r -5- 1.2566 ampere turn = .7958 ampere turn. 



Reluctance. — The magnetic pressure (magnetomotive force] 
acting in a magnetic circuit encounters a certain opposition tc 
the production of a magnetic field, just as electromotive force 
in an electric circuit encounters opposition to the productior 
of a current. In the magnetic circuit this opposition is called 
the reluctance; it is simply magnetic resistance and may be defin- 
ed as: the resistance offered to the magnetic flux by the substanci 
f^uignettzed, being Ike ratio oj the mag^neWmoVm Jorce to ike mag- 
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The unit of reluctance or magnetic resistance is the oersted 
(named after Hans Christian Oersted, the Danish physicist) and 
is defined as: the reluctance offered by a cubic centimetre of vacuum. 

Analog Between Electric and Magnetic Circuits. — The 

total number of magnetic lines of force, or magnetic flux, pro- 
duced in any magnetic circuit will depend on the magnetic 




hb. 123. — Matoal action of tolenoids. When two solenoids traversed by a ctirrent are allowed 
to act on each other, one of them being held in the hand and the other being movable 
about a vertical axis, as shown in the figure, attraction and repulsion will take place just 
asip le case of two magnets (see figs. 1 10 and 111). 

pre&^u... (m.m.f.) acting on the circuit and the total reluctance 
cf the circuit, just as the current in the electrical circuit depends 
tfoa the electrical pressure and the resistance of the circuit. 

To make this plain. Ohm's law states that 

, ^ . ^ electromotive force ,. E 
electnc current = or I = — 

resistance R 

expressed in tmits 



amperes = 



volts 
ohms 
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The resistance, as already explained, depends on the materials 
of which the circtiit is composed, and their geometrical sha] 
and size. 

Similarly, in the magnetic circuit, the total number of mag- 
netic lines produced by a given magnetizing solenoid depends 
the magnetic pressure, the material composing the circuit, an< 
its shape and size. 

That is, 

^. jy magnetomotive force 
magnetic flux = — ^ • 

reluctance 
expressed in units, the equation becomes: 

gilberts 



maxwells = 



oersteds 



The gilbert is the unit of magnetomotive force, equivalent to th4 
magnetomotive force of .7958 ampere turn. 

It should be noted that in the electric circuit resistance causes 
heat to be generated and therefore energy to be wasted, but ii 
the magnetic circuit reluctance does not involve any similai 
waste of energy. 



Ques. Upon what does the reluctance of a magnetic 
circuit depend ? 

Ans. The reluctance is directly proportional to the length of th 
circuit, and inversely proportional to its cross sectional area. 

The reluctance of a magt)etic circuit is calculated accoxxling to thi 
following equation: 



reluctance = length m cfctito ie\x^ 






permeability X cross aectioti *m ^^ja^axfc ^«o26ax«5asA 
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teresia. — ^The term hysteresis has been given by Ewing 
subject of Uig of magnetic effects behind their causes, Hys- 
means to "lag behind," hence its application to denote 
gging of magnetism, in a magnetic metal, behind the mag- 
g flux which produces it. 

*B. What is the cause of hysteresis? 

. It is due to the friction between the molecules of iron 
ler magnetic substance which requires an expenditure of 
r to change their positions. 






4 snd I25u — Bzpcriment Olastrating the molecular theory of magnetism. Coarse steel 
p are placed innde a small glass tube and the contents magnetized. It will be found 
t fiKn^ which at first had no definite arrangement will rearrange themselves under 
iaSaence of magnetic force, and assume symmetrical positions, each one lying in line 
i» or parallel to its neighbor, as shown in the lower figure. 

When do the molecules change theh i>o8itions? 

I Both in the process of magnetization and demagnetiza- 



es. What becomes of the loss of energy due to hys- 
s? 

L It is converted into heat in changing the positions of 
decules during magnetization and demagnetization. 

Ewing ^ves the value for the energy in ergs dissipated per cubic 
eatimetie, for a complete eyde of doubly reversed Strong iQa^<Q^Aza2oaa 
or a saaoher oisabetaaoee as follows: 
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* *> 

Substanae Energy dissipated 

(ergs) 

Very soft annealed iron 0,300 

Less " " " 16.300 

Hard drawn steel wire 60,000 

Annealed " " 70.000 

Same steel glass hard 76.000 

Piano steel wire annealed 04,000 

" normal temper 116.000 

" " " glass hard 117.000 

A^rozimately 28 foot pounds of energy are converted into heat in 
makmg a double reversal of strong magnetization in a cubic foot of iroo;i|ft| 



Residual Ma^etism. — ^When a mass of iron has once 
magnetized, it becomes a difficult matter to entirely removdj 
traces when the magnetizing agent has been removed, 
a general rule, a small amount of magnetism is pei 
retained by the iron. This is known as residual magnetism^ 
it varies in amotmt with the quality of the iron. 

Well annealed, pure wrought iron, as a rule, possesses 
little residual magnetism, while, on the other hand, 
iron, which contains a large percentage of impurities, or 
has been subjected to some hardening process, such as 
ing, rolling, stamping, etc., and cast iron, possess a very 
amount of residual magnetism. 

Residual magnetism in iron is of great importance in the 
ing of the self-exciting dynamo, and is, indeed, the 
principle of this class of machine. 

That is. without residual magnetism in the field magnet 
dynamo when started would not generate any current umess it 
an initial excitation from an external source. 
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CHAPTER X 



.ECTRO-MAGNETIC INDUCTION 



'd induction, introduced by Faraday, has various mean- 
r as it relates to electricity. It signifies, in general, 
a produced in bodies by the influence of other bodies, 
necessary material connection with them. 

charged with electricity causes or **induces*' charges on 
g bodies. The process in this case is called electro- 
ction. 

let induces magnetism in neighboring masses of iron 
lagnetic materials by the process of magnetic induction, 

\ moving magnet induces electric currents in neighbor- 
ctors by the process of electromagnetic induction, 

y*8 Discovery. — ^All dynamos of whatever form, are 
m the discovery made by Faraday in 1831, which may 
as follows: 

currents are generated in conductors by moving them in 
: field, so as to cut magnetic lines of force, 

'araday't own description of his discovery is as follows: *' Twohtindredand three 
wire in one length were coiled round a large block of wood; another two hundred 
of aimilar wire were introposed as a spiral between the turns of the first coil, 
ootact ererywhere prevented by twine. One of these helices was connected with 
r. and the other with a battery of one hundred pairs of plates, four inches square. 
jppera. and well chaxyed. When the contact was made there was a wddAtL %xsa. 
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Ques. What does the expression **cut lines of f orosS . 
mean? /^ 

Ans. A conductor, forming part of an electric circuit, oi^ 
lines of farce when it moves across a magnetic field in sol ^ 
manner as to alter the number of magnetic lines of force yAA 
are embraced by the circuit. i 

It is important to clearly understand the meaning of this exprefllk^* 
which will be later explained in more detail. |^ 



^ 
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Fig. 126. — Faraday's dynamo which embodies his discovery in 1831 of eUctromagiu^ i\ 
the principle upon which all dynamos work, as well as induction coils, 
other electrical apparatus. 




Faraday^s Machine. — ^After various experiments, Fs 
made his **new electrical machine" as shown in fig. 126. 
piece of apparatus is preserved and was shown in perfect 
by Prof. S. P. Thompson in a lecture delivered April 1 1th, II 
after an interval of sixty years. 



It consists of a horse shoe magnet and a copper disc attached 
shaft and supported so as to turn freely. The magnet is so placed 
its inter-polar lines of force traverse the disc from side to side, * 
are two copper brushes, one bears against the shaft, and the other j 
the circumference of the disc. A handle serves to rotate the disc 
magnetic field. 

Now, if the north pole of the magnet be nearest the observer andJ 
disc be rotated clockwise, the current induced in the circuit will flow! 
at the brush which touches the circumference, and return throu^ 
inrush at the shaft. 
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Faraday^s Principle. — The principle deduced from Faraday's 
periment may be stated as follows: 

V^'ken a conducting circuit is moved in a magnetic field so as 
otter the number of lines of force passing through it, a current 
'induced therein, in a direction at right angles to the direction of 
IT motion^ and at right angles also to the direction of the lines of 
■w, and to the right of the lines of force , as viewed from the point 
iDK which the motion originated 

Faraday's principle may be extended as follows to cover all 
feses of electromagnetic induction: 

When a conducting circuit is moved in a magnetic field, so as to 
irr the number of lines of force passing through it, or when the 
^gfh of the field is varied so as to either increase or decrease the 
iuiber of lines of force passing through the circuit, a current is 
)duced therein which lasts only during the interval of change in 
mwitmber of lines of force embraced by the circuit, 

i 

Qoes. Explain just what happens when a current is 
by electromagnetic induction. 

Ads. In order to induce an electromotive force by moving a 
luctor across a uniform magnetic field, it is necessary- that 
conductor, in its motion, should so cut the magnetic lines 
II to alter the number of lines of force that pass through the 
itcuit of which the moving conductor forms a part. 

Ones. What is the proper name for a '^conductor*' 
Arich moves across the magnetic field ? 

Ans. An inductor, because it is that part of the electric dr- 
ift in which induction takes place. 

In the case of a dynamo, an inductor may be dthet a copyw 'ws^ at 
copper btw» 
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Ques. How may a conducting circuit be moved across 
a magnetic field without having a current induced therein ? 

Ans. If a conducting circuit — ^a wire ring or single coil, for 
example — be moved in a imif orm magnetic field, as shown in fig. 
127, so that only the same number of lines of force pass through 
it, no current will be generated, for since the coil is moved by a 
motion of translation to another part of th6 field, as many lines 
of force will be left behind as are gained in advancing from its 
first to its second position. 




Pig. 127. — Blectromagnetic induction: In order to induce a current by electromasnetic 
induction, a conductor must be so moved through a magnetic field that the number of 
lines offeree passing through it (that is, embraced) are alter^. If a coil be given a simple 
motion of translation in a tmiform magnetic field as indicated in the figure, no current 
will be induced because the number of lines offeree passing through it are not changed, that 
is, during the movement as many lines are lost as are gained. 



Ques. Describe another movement by which no current 
will be induced. 

Ans. If the coil be merely rotated on itself arotmd a central 
axjs, that is, like a fly wheel rotating around a shaft, the number 
of lines of force passing through tVve coiWi^T^o\,>cifc^!i^«ced, hence 
-oo current will be generated. 
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Ques. State the essential condition for current In- 
duction in a uniform field. 

Ans. The coil in which a current is to be induced, must be 
tilted in its motion across the uniform field, or rotated around 
any axis in its plane as in fig. 128, so as to alter the number of 
Ums of force which pass through it. 

Ques. In what direction will the current flow in the 
coll, fig. 128? 

Ans. The current induced in the coil will flow arotmd it in 
adockwise direction (as observed by looking along the magnetic 




PiB. 128. — Electrooiagnetic inductioD: If a ooQ be given a motion of rotation from any poln% 
within its own plane ao that it passes throtigh a uniform magnetic field, a current will be 
IndiiPfxl in the coil because ths number cf lines of force passing through it is altered, 

fidd in the direction in which the magnetic lines run) if the 
effect of the movement be to diminish the number of lines of 
force that pass through the coil. The current vrill flow in the 
opposite direction, (counter-clockwise) if the movement be such 
as to increase the number of intercepted lines of force. 

Ques. If the magnetic field be not uniform, as in fig. 
129, what will be the result? 

Ans. The effect of moving the coil by a srav^V^ xcvoNxoxv cS^ 
translation £rom a dense region of the field to otv^\e^ Aeosfc. Q 
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vice versa, will be to induce a ctirrent because in either case, the 
number of lines of force passing through the coil is altered. '^ 

Laws of Electro-magnetic Induction. — There are certain 
laws of electro-magnetic induction which, on account of the im- 
portance of the subject, it is well to carefully consider. The 
facts presented in the preceding paragraphs are embodied in the 
following fundamental laws: 




Pig. 129. — Electromagnetic Induction: If a coil be given a simple motion of translation in a 
non-uniform or variable magnetic field, a ctirrent will be inauced in the coil, whether the 
motion be from the dense to the less dense region of the field or the reverse, because thi 
number of lines of force passing through the coil is altered. 

1. To induce a current in a circuit, there must be a relative tnotion 
between the circuit and a magnetic field , of such a kind as to alter 
the number of magnetic lines embraced in the circuit, 

2. The electrofnotive force induced in a circuit is proportional 
to the rate of increase or decrease in the number of magnetic lines 

^^/draced b;y the circuit, 

tn thl^P^^'^^'^ reaUty it would be impossible to have a maftueWc ^t\^ c»»RXi?i>a»^ V» Asa 
*"* '*«• cfenje pit, the nuignetic lines would be ol cuxveA cotatftoL tentu 
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n equal the number of magnetic lines embraced by the 
' dnxdt at the begimung of the movement, and n' the number embraced 
«fter K very sbcnl interval ot time t, then 



the average induced electromotive force ■• - 




BALVANOMETER 



1. m— Bxpalmeat OluttntiDg Lcni'slav whit 
iaJnetiiia. Uu dirtdvm itf Mi indmttd currrnl u 
it. Is tliB«niaiiiHiit,ui Older toprodun tht 
ia tutafiBt tba nusoet to the coil ud in Mldn 
liw d eoBMrvMiaD ol maty. 



lectromunAtic 
*iM friJutini 



3. By joining in stries a number of conductors or coils moving 
a magnetic field, the electromotive forces in the separate parts 
t added together. 

Tbe reason for thb is apparent by considering a coil of wire having 
■everal turns and moving in a magnetic tield so as to cut magnetic hnes. 
Duiing Uie movement, the lines cut by the first turn are successively cut 
by all the other turns of the coil, hence, the total number of lines cut is 
equal to the number cut by a single turn multiplied by the number of 
tana. Th* dectromotive forces therefore o£ the a^par&tft \,iata wk 
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EXAMPLE:— If a cm! <^ wire of M turn* cut lOO^lOO lino ia ^ 
of a leoond, what will be the induced voltage? 

The number of linea cut per second per turn of the ooO ts 

100.000 X 100 <- 10,000,000. 
The total number of lines cut by the coil of 50 tunu is 
10,000,000 X 50 - 600,000,000. 
which will induce a pressure of 

500,000,000 + 10* - 5 mdts. 




Flc 131. — EliKrnDcnt mutnli 

dectronupiFt, mud the m 

tba ring O O fmm Irft tn iJ> 



brotisbth 

s,: 

oriahL While the field U thot iDcn«Biw ■ 
.. .... ... ..le dirrclinn mdkstcd br the uron. md 

tnj M field that would p*h through (he ring from n^t to left, tat 
tb( gitiirth of the field due lo the Electmraactiet M. 



bchddintRnlofu 



4. A decrease in the number of magnetic lines 'x-ktch pass 
Ihrougk a circuit induces a current around the circuit in tht p 
direction. 



«Npole 



which a free N pole would tend to move. 



a be the directioii 



■lon^ 



5. An increase in the number of magnetic lines tMch past ; 
through a circuit induces a current in the negative direction around ' 
the circuit. 

The reason for the change of direction of the cuiTent for decrease or ,- 
increase in the number of lines cut, as stated in the fourth and fifth lawi, - 
Will be seen by aid of the formula given under the Mcond law, via; 

electromotive force = (1) '" 
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'slmw 



dectromotive f ofce ^. j 
—-—.or, X 



B 



(?) 



(I) m (2) 



or, 



• Rt 



(?) 



RioktHahd 




lesninv's rale for dinctioo of isdooed current. Bztand the thumb, fonflaiwjy^ 
nger of the rifht hand lo that each will be at right anslM to the otatr tiro. FfaMt 
. in endli po«txm that the thumb willpoint in the direotioiila tHikh thaooadttolor 
he forefinger in the directioa of the fines of force (N to 8)» then wiU the mlddlt 
tnt in the directioa in whidi the induced current flowi» 

w in equation (3) if there be a decrease in the number of ttnat cat 
1 be less than n hence the current will be positive (+); uftdn^ i the 
increase n' wiU be greater than n, which will give a minos valuOi 
8| the corxent will be negative or in a reverse diiectkn. 

he approach and recession of a conductor from a magnet 
currefUs aUematingi in direction. 
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^ce the strea;^ of the field depends on the proriinit7 to tba pole, 
the approach ana recession of a conductor involve an increoM and 
dtenate in the rate of cutting of magnetic lines, hence a icvenal of currenL 

7. The more rapid the motion, the higher will be ^ induced 
electromotive Jorce. 

In other words, the greater the number d lines cut per unit of time, 
the higher will be the voltage. 




8. Len^s law. The direction of the induced current is abvays 
such that its magnelic field opposes the motion which produces it. 

This is illustrated in figs. 130 and 131. 



Rules foi Direction of Induced Current. — There are a 

number of rules to quickly determine the dirt-ction of an induced 
current, when the direction of the tines of force, and motion of 
the conductor are known. The first rule here given was devised 
by Fleming and is very useful. It \s S3m£\ia«a callsd the 
"i^ynajno ru/is. " 
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lefliin^'s Rule* — If the forefinger of the right hand be pointed 
Miirectian of the magnetic lines ^ and the thumb {at right angles 
if forefinger) be turned in the direction of the motion of the 
wtiar^ then will the middle finger^ bent at right angles to both 
\ith and forefinger^ show the direction of the induced current. 

The appficatkm of this rule is shown in fig. 132. Here the right 
iad is so placed at the north pole of a magnet, that the forefinger 
rants in the direction of the magnetic lines; the thumb in the direction 
Amotion of the conductor; the middle finger pointed at right angles to 
je thumb and forefinger indicates the direction of the current induced 
I E the oondactor. 




l»t— The palm rule for direction of induced current: If the palm of the right hand U 
MdMaiBSt the direction of the lines of force, the thumb In the direction of the motiou. 
ttai tte&igers will point in* the direction of the induced cturent. 

&nq)ere*8 Rule. — If a man could swim in a conductor with the 
ntni, then the north seeking (+ ) pole of a magnetic needle placed 
My ahead of him, will be deflected to the left, while the south 
fdng (— ) pole will be urged to the right. 

! For certain partictdar cases in which a fixed magnet pole acts on a 
t movable circuit, the following converse to Ampere's rule will be found 
( Qsefol: If a man swim in the wire ^dth the current, and turn so as to 
i look along the direction of the lines of force of the pole (that is, as the 
fines of force run, from the pole if it be north seekmg, (OTuard t)afc "^^ 
Hit be south aeeiang), then be and the oonductiost 'mc^ ^\}|\\3^^«SQl. 
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The palm rule. — If the palm of the right hand be held facing 
against the lines of force , and the thumb in the direction rf 
motion^ then wiU the fingers point in the direction of the indJi 
current. 

Self-induction. — This term signifies the property Oj 
trie current by virtue of which it tends to resist any changt 
Self-induction is sometimes spoken of as electromagneti 
and is analogotis to the mechanical inertia of matter. 

It is on accotmt of self-induction of the induced 
the armature winding of a dynamo, that sparks appear 
brushes when the latter are not properly adjusted, h< 
importance of clearly understanding the nature of this 
property of the current. 

Self-induction is fully explained in the chapter following. 




i 
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CHAPTER XI 

INDUCnON COILS 

mductioii coil has alwa}-s been a popular piece <A ap- 
t frith those interested in electrical science; the experi- 
vhic^ can be performed with its aid are ^'e^y numerous. 
! Goo^deiable importance, especially in its application to 
seM purposes as X ray work, wireless telegraphy and 
I for gas engines. The latter has caused manufacturers 
much attention to the development of the induction coil, 
ig in many refinements of design and construction. 

iction cmls may be divided into two general dasses: 
limary coils; 
Bcondary txnls. 

subject of electromagnetic induction has been fully ex- 
i in chapter X, but it may be said, with special reference 
iction coils, that the operation of the two classes just men 
is respectivdy due to: 
■If-induction; 
[utual induction. 

-Ittductioil. — This is the property of an electric current 
:ue of whidi it tends to resist any change in its rate of flow. 
nnetimes spoken of as d^^amagHetic inertia aitd ^ asA^ 
* the naecbaniad iaertJA of matter. 
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Self-induction is due to the action of the current 
during variations in strength. It becomes especially 
a coil of wire, in which the adjacent turns act induct 
each other upon the principle of mutual induction arisii 
two separate adjacent circuits. Self-induction mani 
by giving **momentufn" to the current so that it cm 
stantly stopped when the circuit is broken, the result beii 




6ALVAN0HETIR 



SECONDNnr CIRCUIT 



PRIMARY CIRCUIT 



BATTERY 



I 



^ 



KEY 



Pic. 135. — Diaffram illustrating the action of mutual induction between tv 
one including a source of electrical energy and a switch ; the other including i 
but havinff no cell or other electrical source. During the increase or 
strength of the current as on closing or opening the key a current is induced i 
circuit in a direction opposite to that of the primary current as indicated b) 

Spark at the moment of breaking the circuit. On i 
this spark a primary induction coil is used in low 
**make and break" ignition systems. 

In a single circuit, consisting of a straight wire and 
return wire there is little or no self-induction. Whei 
containing a primary induction coil and a battery is d 
is no spark because at the instant of closing the circuit t 
js at rest and on account of self-induction the currem 
nee rise to its Jull value. 



. A 
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Mutual Induction. — This is a particular case of electro- 
MgDetic induction in which the magnetic field producing an 
Jtttnmiotive force in a circuit is due to the current in a neighbor- 
■K circuit. 

. The effect of mutual induction may be explained with the aid 
d fig. 135. If, as illustrated, a circuit including a battery and a 
nitdi, be placed near another circuit, formed by coimecting the 
tw) terminals of a galvanometer by a wire, it will be found that 
^fheaeverthe first circuit, 1, is closed by the switch, allowing a 
conwt to pass in a given direction, a momentary current will be 
nriooed in the second circuit, 2, as shown by the galvanometer. 
Aamilar result will follow on the opening of the battery circuit, 
tie difference being that the momentary induced current occur- 
3i|at closure moves in a direction opposite to that in the 
tateiy circuit, while the momentary current at opening moves 
■the same direction. 

Currents, besides being induced in circuit 2 at make or break 
^circuit 1, are also induced when the current in 1 is fluctuating 
■intensity. 

The most marked results are observed when the make or break 
lindden, the action being strongest at the break of the current in 1. 
The inductive effect of the current in the arrangement shown 
% 135 is very weak. 

ffues. What name is given to circuit 1 ? 

bs. The primary circuit. 

hies. What name is given to circuit 2 ? 

ns. The secondary circuit, 

^es. What names are given respectively to the cut- 
ts in circuits J and 2? 

s. Tbe^ftu^y and secondary or induced, currents 
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Primary Induction CoUb. — These represent the simpl 
form of coi], and are used chiefly in low tension ignition to 
tensify the spark when a battery forms the current source. 

A primary coil consists of a long iron core wound with a cw 
siderable length of low resistance insulated copper wire, tb 
length of the core and the number of turns of the insulated 
winding determining the efficiency. The effect of the iron ca 
is to increase the self-induction. 




Pic. laS.— PriDwy lodaction coU ai und [or low tendon ignition. Coils of lUs tTpe 
mwle in a (treat vnriety of (orm Bod eiie. Ordinarily ine windina coobhs at «boiit 
convolutions of No. 11 coppir wire. The winding is usually covered Bnd the enditsf) 
with ebonite beads so that (he core wires are not expusnl. 

The spark produced? as previously explained, is due to se 
induction, and it should be remembered that in the operatic 
of the coil, the spark occurs at the instant oj breaking the circm 
not at the instant of making. 

Secondary Induction Coils. — The arrangement shown 
fig. 137, may be considered as a very simple or rudimentai 
form of secondary induction coit. In the actual coil, the primal 
and secondary circuits (correspondinf; to 1 and 2 in fig. 13i 
are made up of coils of insulated wire, as shown in fig. 143, t! 
primary coil P. being wound over a core C and the secondat 
coil S being wound over the primary. 
The one property of suc^ an aTrau^.emeii.'v, ■Ctta,\ -wiaJfifis it ( 
£rTEat value for most purposes is that the iioUai^ oJ \Ve \tA.tiM 
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mts may ht increased or diminished to any extent depending 
Ar reUOum bttvieen the number of turns in the primary and 
indary winding. 

[his relation may be expressed in the f<dlowmg rule: 

r« voltage of the secondary current is {approximately) to the 
^ of the primary current as ike number of turns of the secondary 
ting is to the number of turns of the primary winding. 




id o( the mmtrr ^ 

^ WhaitbacpBUct-. 

k Ik* primajy dmit »nd _» 



endi or 1t«di of the wecrmdMty 

m electn. battery, ud with tbc 
' ttrmJTuU of tbc battery, ai io- 



l^aJarr dicnit «rbCB the ptimary aiaS ia ti 

IfetBp. Only the impulae tediml ia the nxmlBrr durinc the i^inc out of the a^nat 

I ■!& viimaiy U otiliaed. 

' For instance, if the voltage of the primary current be 5 volts, the 
primaiy wmdiug have 10 turns and the secondaiy 100 turns, then 

Secondary voltaife: 5 :: 100 : 10 
tram whid 

J SeeBoOarj- roOve - fo volta (appiDzmiatelyJ 
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The watts in each circuit ire approxima.tely the sanu 
for instance, the current strength in the primary circuit b 
the watts in primary circuit are 5 X 5 ■= 26. Acccvdingly, fo 
ary circuit uie current strength is: 

25 watt6+50volts = J^ ampere (approximately) 

From thb, it b seen that where the voltage is raised in t 
circuit, the current flow is small as comp^ed to that in 
circuit; therefore, heavy wire is used in the primary wine 
wire in the secondary, as indicated in figs. 137 and 143. 



be connected to the ballery. the 
A from tha Kctinduy win by tin 



Secondary induction coils may be divided into thi 

cla.'ises : 

I. Plain coils; 
3. Vibrator coils; 
2. Condenser coils. 
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The plain coil gives but one spark when the primary circuit 
made and broken, while the vibrator coil gives a series of 
fcdlowing each other in rapid succession. 



[Fhin Secondary Induction Ciolla. — Coils of this dass are 
simple and consist of: 

1. Core; 

1 Primary winding; 

1 Secondary winding. 

Tbe construction of a plain coil, such as would be suitable 
ri^tion service, is about as follows: 

The core is made of soft annealed iron wires (No. 20 B and S gauge; 
from one-half to three-quarters of an inch in diameter and about six 
inches long. Over this core is slipped a spool of insulating material 
(bard nibt^r or composition), on whidi is wound first the primarywinding 
of the coil, which consists ol several layers of about No. 18 a and S 
fauge silk insulated magnet wire. 

^ter the primary winding has been wound over the insulated core, 
and the ends have been properly brought out through the heads of the 
spool to be connected to bmding posts thereon, a layer of insulating 
material is applied over the primary wire, and the secondary winding is 
then wound on. 

The wire for the secondary winding consists of about No. 36 B 
and S gauge silk covered magnet wire, the amount used varying con- 
siderably, depending on the desired voltage of the secondary current. 

When all the wire has been wound on, the ends are brought out to 
the binding posts, the coil is soaked in shellac dissolved in alchocd and 
baked, or in melted paraffin or a paraffin compound, and allowed to cool. 
It is then placed in either a cylmdrical hard rubber shell or in a hard 
wood box. 

The proportions of such coils vary greatly; for motor cycle use they 
are maoe long and of small diameter (10x2^ inches for instance), while 
for some other purposes short and thick coils are found more convenient, 

Ques. How may the coll just described be connected 
demonstratii^ purposes? 

Ans. Connect the ends of the secondary winding to fixed in- 
lUns and bead tbe ends so they are abofut yi mO[i ot 
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apart. Connect one end of the primary windii^ to a b 
and brush the other end of the primary winding again 
other terminal of the battery as indicated in fig. 137. 

Ques. What happens when the primary circuit U i 

Ans. An electric pressure is induced in the secondary i 
but of not enough intensity to cause a spark to jump acrt 




Plc I3B.— A Medical coil wi,., -,.„..u,^ »..^ „,,^ ..,.„ . » „. . 

place, KKHiec, induciion coil els. A current o( any dear™ of mtenat/ 
obtsined. The cumnis luiruilied arc: ). primary. 2. KcoDduy; and 3. piii 
■ecfmdary combined. 

Ques. What happens when the primary circuit \i 
denly broken? 

Ads. a spark is produced both at the point of break 
"rimary circuit and at the Jar gap m ftis SRWffiAas^ circuil 
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Ques. Why Is a spark produced at the air gap at break 
tnd not at make of the primary current? 

Ans. Because when the current is flowing it cannot be 
stopped instantly on account of self induction, that is, it acts 
«s though it possessed weight. 

If tlic reader has charge of a gas engine with a make and break 
tRnitiiin system, he will often avoid vexatious delays in locating ignition 
irDublos, if he remember that one of the most important conditions 
f'lf ulituining a gpoA sirark is that the break lake place Kith great rapidity. 
This, of course, involves that the ignition spnng he adjusted to the 
proper tension. 




Secondary Induction Colls with Vibrator and Con- 
denser. — A plain secondary coil, such as jiisi described, will only 
give feeble sparks for its size for the fciilowiiij; reasons: The 
inductive effect of the primary windinj:; in the si^cotidat^' 4e;^w\&5. 
35 fmiviously explained on the rate at which Ihc CMnetA m 'Coa 
mmajy winding decreases or dies out. 
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If a strong inductive effect is to be produced in the secondary, 
the current in the primary must stop suddenly. This is prevented! 
by self-induction in the primary winding, which opposes any 
change in the current strength. The direct result is that, as the 
primary circuit is broken, a spark appears at the break, which 
means that the current continues to flow after the break has 
occurred, dying down comparatively slowly, hence, the inductivej 
effect on the secondary winding is small. 

The spark at the break in the primary circuit is even h 
than that in the secondary circuit, and as this primary sparkl 



Fig. 141. — Conventional diagram of a condenser. A condens<T is a device designed to abi 
or hold an electric charKc in about the same manner as a vessel will hold a liquid. Et 
conductor of electricity forms a condenser and its capacity for holding a charge d«. 
upon the extent of its surface. A ccmdenscr is therefore made of conductive mat( 
formed into such shape as to present the maximum surface for a given amount 
material. 



serves no useful purpose, but, on the contrary, quickly bums 
away the contact points, such an arrangement is obviously de-| 
fcctive. 

The vibrator-condenser coil is designed to overcome this] 
trouble and also to give a series of sparks following in rapid] 
succession instead of one. 

It should be noted that a series of sparks following each other witbi 
considerable rapidity may be obtained with a plain coil by pladng 
mechanical vibrator in the primary' circuit, as used on some motor cyd 
ignition circuits. 



The object of the vibrator, oi a V\V)Ta\,oi-CLOtAKCfiR5t ^»SL^^&t< 
rapidly make and break the primar/ dtcvxCc ^uxSx^s^^Qofe^Scaifc'ijwsi 
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circuit is closed externally. It consists of a flat steel 
.^ciired at one end, with the other free to vibrate. At a 
out midway between its ends, contact is made with the 

an adjusting screw, from which it springs away and 
in vibrating. The points of contact of blade and screw 
ed with platinum. One wire of the primary circuit is 
d to the blade and the other to the screw, hence, the 
5 made when the blade is in contact with the screw and 
xrhen it springs away. 




-CoDStniction of condenser for an induction coil. The conducting material used 

nl. of which a large number of sheets are prepared, all cut to the same sixe. These 

x«d, one on top of the other, like the pages of a book, with a thin layer of insulating 

a] between, usually two sheets of paraffined paper. Numbering the successive 

of tinfoU serially, all sheets of even number are connected together and all 

of odd number are coimected together, these connections forming the terminals 

coodenser. The condenser is then connected across the break in the primary 



ndenser is used to absorb the self-induced current of the 
f winding and thus prevent it opposing the rapid fall 
>rimary current. 

Bvery conductor of electricity forms a condenser and its capacity 
absorbing a charge depends upon the extent of its surface. Hence, 
xxidenser is constructed of conductive material so arraxiueddL eft tl^ 
ant the greatest aufaoe for a ^ven amount ^ materjal. 
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The usual form of condenser for induction coils as shown in 
figs. 141 and 142 is composed of a number of layers of tin foil 
separated by paraffin paper, each alternate layer being conr 
nected at the ends. 

Fig. 143 is a diagram of a vibrator coil, CC represents the 
core composed of soft iron wires. PP is the primary winding 
and SS the secondary. There is no connection between these 



CORE 






SECONDARY /l^ 



w 



VIBRATOR 




PRIMARY 



CONDENSER 

Pig. 143. — Diagram of a vibrator coil. The parts arc as follows: A. contact screw; B 
battery; C, core; 1), vibrator terminal; (i, ondtMiscr; P. yiriinary winding: S. secondary 
winding; W, iwitch; Y, vibrator. When the switch is closed, the following cycle of 
actions take place: 1, the primary current flows and magnetizes core; 2, magnetised 
core attracts the vibrator and breaks primary circuit ; 3, the magnetism vanii^es, in- 
cluding a momentary high tension current in the sec(»ndary winding; 4, magnetic attrac- 
tion of the core having cease<^J. vibrat<»r spring renews contact; 5, primary circuit 
is again completed and tnc cycle begins anew. 



windings and they are carefully insulated. Y is the vibrator or 

trembler and D tiie center about which it vibrates. W is a switch 

used for opening and closing the primary circuit; B, a battery 

of jfjve cells. The point of ad^ustm^ soxc^ ^. x^^ta against a 

platinum point R soldered upon t\ie Vibt^jXot, 
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[f the svitch W be closed, the electric current generated by 
s battery B will flow through the primary winding. This will 
ise the core CC to become magnetized, and the vibrator Y 
3 at once be drawn toward it. This will break the connection 
R. The core, being made of soft iron, immediately upon the 
£TTuption of the current, will again lose its magnetism, and 




144.— Oioilt diuBfun ot 
CI. CI. ew., th* wmdeiiM.,. . . 
HI. H2. (ic. the ipiTk plugii T. 



! vibrator will return to its original position. This again closes 
■ circuit, after which the operation of opening and closing it 
repeated with great rapidity so long as the switch W remains 
sed. 

T«! cyde afactioas may be briefly stated as ioWo^s". 
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1. A primary current flows and magnetizes the core; 

2. The magnetized core attracts the vibrator which breaks the 
primary circuit; 

3. The core loses its magnetism and the vibrator springs back 
to its original position; 

4. The vibrator, by returning to its original position, closes the 
primary circuit and the cycle begins again. 




V \ T 3 4 




Pig. 145. — ^The Splitdorf master vibrator coil. As shown in the illustration the several 
unit coils are indicated by the figures 1, 2, 3, and 4. A fifth unit V at the left contains 
the master vibrator. The primary wires P connect with the timer and the secondarj 
wires S with the plugs. B B shows the battery connections. 



Magnetic Vibrators. — Many types of vibrator are used on 

induction coils, the most important requirement being that thi 

break occur with great rapidity. In order to render the break* as 

sudden as possible, different expedients have been resorted to, 

s// tending to make the mechanism -mote cortv^YvraX^^, '^^t luaiving 

suSSdent merit ia some cases to N<iartaa\. Vasa ^^o^nass^ 
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In the plain vibrator, the circtdt is broken at the instant the 
ipring begins to move, hence, the operation must be compara- 

avely slow. 

In order to render the break more abrupt some vibrators have 
two moving parts, one of which is attracted by the magnetic 
core of the coil and moved a certain distance before the break is 
effected. A vibrator of this type is shown in fig. 146 and de- 
tcribed under the illustration. 




fWm 14tt. — ^A hammer vibrator. When at rest, the upward tension of the spring, which 
carries the armature A, holds the platinum points in contact and causes the upper spring 
C, to leave shoulder of adjusting screw D. and rest against the heavy brass plate above 
It. When the iron core B, attracts the armature A. the downward tension on the upper 
q»ing, C. causes the latter to follow the armature down, holding the platinum point 
in contact, until the end of the upper spring C, strikes the lower shoulder of the adjusting 
screw, D, which gives it a "hammer bresuc.'* The adjusting screw is held firmly in 
position by a bronze qriral ipring under shoulder D. 



Vibrator Adjustment. — ^When a vibrator coil is used, the 
{uality of the spark depends largely upon the proper adjustment 
rf the vibrator. The following general instructions for adjusting 
\ plain vibrator should be carefully noted : 

1. Remove entirely the contact adjusting screw. 

2. See that the surfaces of the contact points are flat, clean 

and bright. 

3. Adjust the vibrator spring so that the hammei ot ^\^^'ei dL 

oiirao on the end of the vibrator spring s\,at\As tvoTtosBSc^ 
sbottt onesixteentb of an inch from tYie end ol \)w& ^'* 
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4. Adjust the contact screw until it just touches the platinum 
contact on the vibrator spring — be sure that it touches, 
but very lightly. Now start the engine; if it miss at 
all, tighten up, or screw in the contact screw a trifle 
further — just a trifle at a time, until the engine will run 
without missing explosions. 



TABL£ OF INDUCTION COIL DIMENSIONS. 

Length of spark f inch } inch 1 inch 2 inchei 

Size of bobbin ends... 2JXli 2iXA 3X| 4X2lXi 

Length of bobbin 4 6 J 6 J 6| 

Length and diameter 

of core 4}XA 6Xf 6iX} — 

vSize of base 7jX3jXli 9X5X2 14iX6Xl! 12X71X31 

Size of tinfoil sheets... 4X2 5iX3i 6X4 6X6 
Number of tinfoil 

sheets 36 40 40 60 

Size of paper sheets ... 5X3 61X4} 9X5 — 

Primary coil No. 18 No. 18 2 layers No. 2 layers 14B. 

16, silk W. G. silk 

covered covered 

Secondary coil } lb. No. 40 1 lb. No. 40 1 i Ibs.No'.SS 2 J lbs. No. 36. 



TABLE OF SPARKING DISTANCES IN AIR.* 



Distance. 
Volts. (Inches.) 

5000 225 

10000 47 

20000 l.(K) 

3000(J 1.025 

35000 2.(K) 

45000 2.1)5 



Distance. 
Volts. (Inches.) 

OmKK) 4.65 

7(KK.)0 4.85 

S()(KK) 7.1 

1()()0(K) 9.6 

13(MH)0 12.95 

150000 15.00 



Points Relating to Ignition Coils. — 1. Most ignition in- 
duction coils or "spark coils** as they are called, have terminals 
marked '^battery/' **ground/* etc., atvdto short circuit the timtf 



^^raI JC. -These values arc correct tor iR<-c\\\v.- s.u\\^^AAvv\s-vx\v.t^^5s%, 
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r the ptirpose of testing the vibrator, it is only necessary to 
ridge with a screw driver from the "battery" binding post to 
be "ground*' binding post. 

2. In adjusting the vibrator of an ignition coil, the latter 
dttuld not require over one-half ampere of current. 
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S^ 147 to 101. — ^Wiring diagrams showing connections of some standard spark coils. Key: B, 
to battery; C, to commutator or timer; G. to ground (mKine framo); P. to pluKs; S. to 
switch. 1. C terminal standard non-vibrator coil; 2. { terminal standard vihr-.tor coil; 
3 and 4, terminal standard vibrator coil; T). standard d'luMi- vibrator L<iil; (». stvindard 
triple vibrator coil; 7, standard quadruple vihrntor oil; K. sin^dt' da-^n ceil; U. sinKle (lash 
coi! with switch; 10, double dash coil; 11, douhl*: dri-;h cil with s-.viich; IJ. triple dash 
coil; 13, triple dash coil with switch; 14, quadruple dash coil; ir>. sextuple dash coil. 



3. A half turn of the adjusting screw on a coil will often in- 
case the strength of the ciurent four or five times the original 
Dount, hence, the necessity of carefully adjustinj^ the vibrator. 
Tien the adjustment is not properly made it causes, 1, ^VvcstV, 

e of the battery, 2, burned contact points, and li, poox rv^x^tCvcL^ 
the engine. 
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4. In adjusting a multi-unit coil, if any misfiring be noticed, 
hold down one vibrator after another until the faulty one is 
located, then screw in its contact screw very slightly. 

5. The number of cells in the circuit should be proportioned 
to the design of the coil. 

If the coil be described by the maker as a 4 volt coil, it should be 
worked by two cells of a storage battery or four dry cells. The voltage 
of the latter will be somewhat higher, but since their internal resistance 
is also greater, the current delivery will be about the same. Most coflt 
are made to operate on from 4 to 6 volts. 

6. It is a mistake to use a higher voltage than that for which 
the coil is designed, because it does not improve the spark and 
the contact points of the vibrator will be burned more rapidly, 
moreover, the life of the battery will be shortened. 
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The dynamo is a machine which converts mechanical energy 
into electrical energy by electromagnetic induction. 

The word dynamo is used to designate a machine which pro- 
daces direct current as distinguished from the alternator or machine 
generating an alternating current. In a broader sense, the word 
generator is used to denote any machine generating electric cur- 
rent by electromagnetic induction; the term therefore includes 
both dynamos and alternators. 

Operation of a Dynamo. — A dynamo does not create elec- 
tricity, but generates or produces an induced electromotive force 
which causes a current of electricity to flow through a circuit of 
conductors in much the same way as a force pump causes a 
current of water to flow in pipes. The electromotive force 
generated in the dynamo causes the current of electricity to pass 
from a lower to a higher potential in the machine, and from the 
higher back to the lower potential in the external circuit; that 
is, the dynamo generates electrical pressure which overcomes the 
resistance or opposition to the current flow in the circuit. The 
pump produces a mechanical pressure which, ioT m^V^xve^, TC\a?j 
be used to force water into an elevated reservovt a?,ivasX. ^}Ba 

due to its weight. 
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jir.t to be emphasized is that the dynamo does not create 
■ (r^riT the pump water) but sets into motion somdhitig 
.x:.'::i:s by getierating sufficient pressure to overcome the 
y. to its movement. 
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itial Parts of a Dynamo. — The dynamo in iis siinplf? 
nsists of two principal parts ; 

le field magnet; 
leaimatuns 
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». What is the object of the field magnet? 

To provide a field of magnetic lines or lines of force to 
by the armature inductors as they revolve in the field. 

». What is an armature? 

. A coUection of inductors mounted on a shaft and ar- 
i to rotate in a magnetic field with provision for collecting 
xrents induced in the inductors. 

A simple loop or turn or wire may be considered as the simplest form 



es. How do armatures and field magnets differ in 
mos and alternators? 

>. A characteristic feature is that in the dynamo the field 
et is the stationary part and the armature the rotating 
rhile in the alternator the reverse conditions usiially obtain. 

es. With respect to this feature, what names are 
times given to the armature and field magnet? 

. The stator and the rotor depending on which moves. 

es. What is the real distinction between an armature 
I field magnet? 

;. The name field magnet is properly given to that part 
., whether stationary or revolving, maintains its magnetism 
f during operation; the name armature is properly given to 
part which, whether revolving or fixed, has its magnetism 
led in a regularly repeated fashion when the machine is in 

mstruction of Ds^namos. — In the make up of a d3mamo, 
dually constructed, there are £ve principal parts, as ioYL<a79^\ 




Btid plate; 
Fitild iiiuiiuoU; 
ArjiJature; 
Coumiulator; 
Bnisliui. 
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A dynamo is a machine for converting mechanical energy 
into electrical energy, by means of electromagnetic induction, 
the amount of electric energy thus obtained depending upon 
the mechanical energy originally supplied. 

The word dynamo is property applied to a machine which 
generates* direct current, as distinguished from the alter- 
nator, which generates alternating current. 

Ques. Define a dynamo with respect to its principle 
^ operation. 

Ans. A dynamo is a machine for filling and emptying con- 
ducting loops unth magnetic flux, and titilizing the electromotive 
jOTce thus induced in them for the production of current in the 
^^nal circuit. 

The fitness of this definition is apparent, having in mind the principles 
of electromagnetic induction. 

Oues. What are the three essential parts of a dynamo? 

Ans. The field magnet, armature, and comniutator. 

ifjj^QTE. — It should be understood that a dynamo does not generate electricity, for If it 
l,^\r5pJy the quantity of eiectricity that is desired, it wouM \>e ol t\o w^. 'as \\v^ ^ax>}5XTcw| 
eapiaiS!^'^ ** * »'*'' reservoir of electricity. 11. )wcver. c\i.'c\hc\iy wVvXvovaiX. v^«.^®Oi^^ v^Vsv- 
•kctwSa^^JL^^/'^' Actcc a dynamo, oi so called "KencratoT," vs xvcc^is^x^ \.ci««»Xt«Kv 
flk -:^2?^^arg ^;j2^;J^^^^ndacUon in order to cause \.\ift cun wx. Vo ««r« %JK«s^ 



162 HAWKINS ELECTRICITY 

Ques. What is the object of the field magnet? 

Ans. To provide a magnetic field, through which the con- 
ducting loops arranged on a central hub and forming the arma' 
ture are carried, or the flux carried through them, so that they 
are successively filled and emptied of magnetic lines. 

Ques. What is a commutator? 

Ans. A device for causing the alternating currents generated 
in the armature to flow in the same direction in the external 
circuit. 

Ques. Upon what does the voltage depend ? 

Ans. Upon the rate at which each conducting loop is filled and 
emptied of lines of force and the number of such loops with 
their grouping or connection. 

Ques. How is the operation of a dynamo best ex- 
plained ? 

Ans. By considering first the action of the simplest form of 
current generator, or elementary alternator. 

Ques. Describe an elementary alternator. 

Ans. It consists, as shown in fig. 165, of a single rectangular 
loop of wire A B C D, one end being attached to a ring P and 
the other to the shaft G, and arranged so as to revolve aroimd 
the axis X X', which is located midway between the two poles 
of the magnet. Two metallic strips or brushes M and S con- 
nected with the external circuit, bear on the ring P and shaft G, 
respectively, in order to "collect" the current generated in the 
armature when the machine is in. opetaXAoxv. TV^Vorw^^ ^Ix^i^ht^ 
horizontal arrows joining the two poVes ol \Xv^ Twa-'ga^^-ro^Kxawft. 
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the lines of force which make up the magnetic field between the 
poles. The field is here asstimed to be uniform, as indicated by the 
equal spacing of the arrows. 

Ques. What happens wh^i the loop is rotated? 

Ans. According to the law of electromagnetic induction, 
when the loop is rotated aroimd its horizontal axis in the direc- 




P.OLC 



nc. 165. — Simple elementary alternator. Its parts are a single conducting loop, A B C D, 
placed between the poles ot a permanent maffnei, and havinii; its ends connected with a. 
ring, F, and shaft, G, upon wnich bear brushes M and S. connected with the extemafl 
circuit. When the loop is rotat«l clockwise the induced current vrili flow in the direction 
indicit tfd by the arrows during the first half of the revolution. 

tion indicated by the curved arrow, an electromotive force will 
be induced in the loop, the magnitude of which depexvAs* crcv.N}cN& 
rate ot change of the number of Jines of force tlM:eadm^ \}mccm^> 
arembnused by the loop. 
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That is, if the number of lines embraced by the loop be increased 
from, say, to 1000, or decreased from 1000 to 0, in one second, the 
electromotive force generated will be two times as great as if the increase 
or decrease were only 500 lines per second. 



Ques. Upon what does the direction of the induced 
current depend? 

Ans. Upon the direction of the lines of force and direction of 
rotation of the loop. 

Ques. How is Fleming's rule applied to determine the 
direction of current? 

Ans. In appl}dng this rule, the horizontal portion of the loop, 
such as A B or C D (fig. 165), is to be considered as moving 
up or down ; that is, the component of its motion at right angles 
to the lines of force is taken as the direction of motion. When 
the loop is in the position A B C D, such that its plane is vertical 
or perpendicular to the lines of force, the maximum number of 
magnetic lines thread through it, but when it is in a horizontfJ 
position, A' B' C D', so that its plane is parallel to ^the lines 
of force, no lines j)ass through the loop. During the rotaticQ 
from position A B C D to A' B' C D', the number of lines 
passing through the loop is rcduo'd from the maximum to zero, 
the reduction taking place with iucrcasing rapidity as the Icop 
approaches the horizontal position, the electromotive force thus 
induced increasing in like proportion. Continuing the rotation 
from the horizontal position A' B' C D' to the inverted verticn! 
position A B C D (?i\:,, 160), the number of lines passing through 
the loop is increased from zero to the maximum, the increase 
taking place with decreasing rapidity as the loop approaches the 
inverted vertical position, the c\ec\xotcvo\AN^ icyc^ifc \3o»& mdx^^ 
d^creastng in like proportion. 
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during the fourth quarter of the revolution, which causes the 
dectromotive force to increase and decrease during these inter- 
vals. 

The cyde of events just described may be summed up as 
follows: During the revolution of the loop: 

1. From 0° to 90°, the electromotive force increases from to 

maximum; 

2. From 90° to 180°, the electromotive force decreases from 

maximum to zero; 

3. From 180° to 270°, current reverses and the electromotive 

force increases from zero to maximum; 

4. From 270° to 360°, the electromotive force decreases from 

maximum to zero. 

It was stated that, during the revolution of the loop, the magnetic 
lines were cut "with increasing or decreasing rapidity," causing the 
electromotive force to rise or fall. The reason for this is illustrated in 
fig. 167. The loop is here shown in a horizontal position at right angles 
to the direction of the magnetic field; the latter, as indicated by the 
even spacing of the vertic^ arrows representing the magnetic lines, is 
assumed to be uniform. 

The wire C D of the loop, as it rotates at constant speedy cuts the 
magnetic lines at the points 0, 1, 2, 3, etc., but the distances Q-1, 1-2, 
2-3, etc., between these points, are unequal; that is, the wire C D 
travels farther in cutting the lines and 1, than it does in cutting 1 and 
2, and stiU less in cutting the lines 2 and 3. After cutting the line 4, 
which passes through uie axis of revolution, the opposite conditions 
obtain. 

If the arcs 0-1,^ 1-2, etc., of the dotted circle, which are intercepted 
by the magnetic lines and passed through by the wire, be rectified and 
laid down under each other, as lines 0-1, 1-2, etc., the time of passage 
of the wire between successive magnelio lines will vary as the length, 
since the speed is uniform. Thus the wire in passing from line to line 
1, takes much more time than in passing from 1 to 2, as indicated at the 
left of the figure by 0-1 and 1-2, and still less in passing from 2 to 3; 
that is, the rate of cutting the lines increases as C D rotates from to 4 
and decreases from 4 to 8. 

Since similar conditions prevail with respect to A B, for its correspond- 
ing movement, it is evident that the number of lines which thread 
tnrough the loop are decreased with increasing rapidity as t.V\<i\oo^ io\aXftS» 
tfazough the Srst quarter of a revolution, and increased, nuitH decTcas\n^ 
fi¥^^ during the second quarter of the rcv( Aution. MoTiiOV^t , Vc xwa^^ 

flfSr^ir^ ^^^, /le verse conditions obtain ior tVi* \.^t^ ajA toax^ 
ot too rsvoiutioom 
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The Sine Curve. — In the preceding paragraph it was shown 
that an alternating current is induced in the armature of either 
an alternator or dynamo; that is, the current: 1, begins with zero 
electromotive force, 2, rises to a maximum, 3, decreases again 
to zero, 4. increases to a maximum in the opposite direction, 
and 5, decreases to zero. 




Pig. 1 or.— Application niul con,>lrucli<,n r.f the sim.' curw. The sinc'curi-e ii a vvaw-like 
uaol IQ npnsvat iKo chuii»»-^ in alTciiKIti iind dirrction of an alternating current 
cntary ii]txmaxt/r in ithnva at tbu k-rt tu iLLuttrati- Ihc applicatioa nf tW bIqe 



■It^rmitlnK 



ints) by the 

rcrmlviiJiintn Ih-it fi/iiia, thi 
the line i-urve, or lumiv rlfi 
cqanl In 3 + >, it .laT lA tti 

foiL-c - .037 X riwNifii.fr. T 
halforthcrevn|.ui.>i<mi.IM 
flowt in one .][r(H.li.,n (..r a 1- 



Aaa-H vlLvtn.mativr 
■.1 ^y Ihi- w.iTO.liki' ci 



A H C D. w 

nut ifiTou^h 1h 



A wave-like curve, as shown in fij;. lliS, is used to represent 

these several changes, in which the horizuntal distances represent 

time, and the vertical distances, the var\-iiit; values of the elec- 

tromotive force. It is called the sine curve because a peipen- 

djcular at any point to its axis is pto\««\:\wi3!l Xa We. ^mja of ; 

i^s angle corresponding to that WAut. 
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Ques. Describe the construction and application of 
die sine curve. 

Ans. In fig. 168, at the left, is shown an elementary armature 
in the horizontal position, but at right angles to the magnetic 
field. The dotted circle indicates the circular path described 
by A B or C D during the revolution of the loop. Now, as the 
bop rotates, the induced electromotive force will vary in such a 
manner that its intensity at any point of the rotation is propor- 
Amd to the sine of the angle corresponding to that point. Hence, 
on tne horizontal line which passes through the center of the 
dotted circle, take any length, as 08, and divide it into any 
number of parts representing fractions of a revolution, as 0°, 
90°, 18o°, etc. Erect perpendiculars at these points, and from 
the corresponding points on the dotted circle project lines 
parallel to 08; the intersections with the perpendiculars give 
points on the sine curve. Thus the loop passes through 2 at 
the 90** point of its revolution, hence, projecting over to the 
corresponding perpendicular gives 2 2', a point whose elevation 
from the axis is proportional to the electromotive force at that 
pwnt. In like maimer other points arc obtained, and the curved 
Hne through them will represent the variation in the electro- 
motive force for all points of the revokition. 

At 90**, the electromotive force is at a Tiiaxiinum; hence, by usinj:j a 
pressure scale such that the length of the piTpt-nclicular 2 2' for 90^ 
will measure the maximum voltage tin* Irn^lh of the perpen- 
dicular at any other point will represent the actual pressure at tliat 

point. 

The curve lies above the horizontal axis cUirinji; the lirst half of the 
revolution, and below it during the seeond lialf, which indicates that 
the current flows in one direction for a lialf revohition and in the opposite 
direction during the remainder of the revohition. 

The application of the sine curve to represctvt. tW ?Ci!^^TT^*C\s:i5^ 
vde, is further illustrated in figs. 1G9 lo ITS, \\\v\Ocv ^o^ ^Owfe 
sr'ttttti of the armature at each quarter ol the tevoYvxXhJO^ 
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In fig, 179, the loop ABC 
the vertical position at the bt 
of the revolution At this insi 
electromotive force is zero, hi 
sine curve as shown be^s 
the aero point — that is, on the 
line of no pressure. 

As soon as the loop rotates oi 
vertical plane, the electromoti 
rises and the current begins to 
the direction indicated by the 

foiae out to the external circuit 
ni^ M, and returning throng 



Continuing the rotation, the 
motive force increases in propc 
the sine of the angle made by tt 
of the loop with the horizontal, \ 
loop comes into the horizontal 
illustrated in fig. 170. This in< 
indicated by the gradual rise of 
curve from E to P. The loop 1 
made one quarter of a revcHut 



As the loop rotates past the 1 
tal position of fig. 170, the 
motive force ^dually decreasi 
tensity, reaching the zero pcnn 
end of the second quarter — 
when the loop has turned one hi 
lution. This is indicated by the 
fall of the curve from F to G. 

When the loop turns out 



ment of A B and C D is reversed 

instant the brush M becomes qi 
and S positive. This reversal of 
is indicated by the curve falliu 
the axis from G to I. 



During the second half of the revolution, figs 171 to 173, the chani 
occur are the same as in the first half, with the e:tception Uiat the CU 
ia the reirerae dinctioa; tileaechanseau«aa^«^^^vJ^i»<3u:vebloa 
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How the Djmamo Produces Direct Current: The Com- 
nutator. — The essential difference between an alternator and 
I dynamo is that the alternator delivers alternating current to 
lie external circuit while the dynamo delivers direct current. 
Ji both niachines, as before stated, alternating currents are 
nduced in the armature, but the kind of current delivered to 
he external circuit depends on the manner in which the arma- 
ttre currents are collected. 

In the case of an alternator, the method is quite simple. As previously 
explained, each end of the loop is connected with an insulated collector 
rin^ carried by the shaft, the current being collected by means of brushes 
which bear against the rings. This principle, rather than the actual 
coiistruction, is shown in the preceding illustrations. Its important 
point, as distinguished from other mcth(^s of collecting the current, is 
that each end of the loop is always in connection with the same brush. 

Ques. How is direct current obtained in a dynamo? 

Ans. A form of switch called the commutator is placed 
!tween the armature and the external circuit and so arranged 
at it will reverse the connections with the external circuit at 
e instant of each reversal of current in the armatiu-e. 

Ques. How is a commutator constructed? 

Ans. It consists of a series of copper bats ot ^^<gave^\s» 
TBnged side by side forming a cylinder, and \xvsvi\^\.^^ ixoxcv 
b other bv sheets o£mica or other insulating xnaXed^i- 
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Ques. Where 
commutator p 

Ans. It is at 
to the shaft at th 
end of the annat 



Ques. Whati 
ductors? 

Ans. The in 
wires wound c 
armature core, . 
which the electr 
rent is induced. 



Ques. How i 
inductors con.' 
to the commui 

Ans. The ei 
each conducting 
coil miist be cm 
\vith the comr 
segments in a 
order to conespo 
the type of win 
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Ques. Explain in detail how direct current is obtained 
in a dynamo. 

Ans. It will be easily seen by the aid of a series of illus- 
trations just how the alternating armature currents are trans- 
formed into direct current. Figs. 174 to 178 show, in several 
positions, a single loop of wire with its ends joined to a com- 
mutator; the latter has only two segments, one for each end of 
the loop. In fig. 174 the loop is shown in the vertical position, 
and it should be noted that the division between the two seg- 
ments forming the commutator is in the same plane as the 






iQBb 170 to 181. Elementary dynamo armatures. Pig. 1, sinKle turn loop; Cm- 2. coil of two 
turns I* series; fig. 3, coil of two turns in parallel. In operation the .unplitudo or maximum 
Dressureinduced with the two turn coil, fig. ISO, isdoul lethalof a sinnle turn U>op,fiK. 179. 
In fig. 180, the pressure is double that induced in fiK. IKl. whiU- the amount of current 
generated with series turns, fig. 180, is only half that K<-'neratcd with turns in parallel 
I*. 181.. 

op. When the loop is in the vortical position, as shown in 
; 174, brush M is in contact with segment F, and S with G. 
; the armature rotates, the current flows for one half revolution 
the direction A B, through segment F and out to the external 
cuit through brush M as shown in figs. 174 and 175, returning 
rough brush S and segment G. At the beginning of the 
xwid half of the revolution, fig. 170, the curtctvt \tv \.\v^ Vic»^ 
verses and Bows in the opposite direction B K a?» vcvdXcr^K.^^ 
the arrows. At this instant, however, the btustyea ^ ^sA^ 
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pass out of contact with segments P and G, and come into 
contact with G and F respectively; that Js, M leaves P and 
contacts with G, while S leaves G and contacts with P. The 
effect of this is to reverss the connections unth the externcd circuit 
at the instant the alternation or reversal of current in the armoMff 
takes place, thus keeping the current in the ezteroal dreuit 
the same direction. 




Ques. How is this indicated by the sine curve? 

Ans. The sine curve, instead of falhng below the axis, i 
figs. 169 to 173, again rises as in the first half of the period, that 
is G'H'I' is identical with E'F'G'. 

Ques. Is the direct current indicated by the siM 
curve in figs. 174 to 178 continuous? 

Ans. No; it is properly described as a pulsating curren 
orone, constant in direction, but periodically varying in intensit 
so as to progress in a series ol tbro\itim£% ra v^^aaSJons instew 
of with uiiiform strength* 
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Its. What is generally understood by the word "con- 
Mia" aa applied to the current obtahied from a 
mo? 

5. It is usually accepted as meaning a steady or non- 
ting direct current; one that has a uniform pressure and 
ant direction of flow as opposed to an alternating current. 

les. Is a continuous current ever obtained with a 
uno? 

s. No. 




It should be dearly understood at the outset that it is impossibte to 
bt«in a continuous ciurent with a dynamo. The so called continuous 
mTcnt which it is said to produce is in reality a pulsating current, but 
■ith pulsations so minute and following each other with such rapidity 
!tat ttie current is practically continuous, and as such is generally called 
xitinuous. 



es. How is the so called continuous curroit pro- 
d by a dynamo? 

L In order to obtain a large number of small pulsations 
•vohition oi the aimature instead of two laige pulsaXaiOQaf 
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as with the dngle loop armature, the latter must be replft 
by one having a great number of loops properly connec 
to commutator segments and so arranged that the success 
loops begin the cycle progressively. 

The difficulties encountered in connecting up numen 
loops were overcome by Gramme, who, in 1871 inventec 
"ring" armature. His method consists in winding a ring » 
a continuous coil of wire, connections being made at suita 
intervals with t^c co~r-utator 




Pic. 184.— Pour wpuate coila 
tun. If (he ^ be roU 



lustrafe tue mctKm or a i^rsnune noi ■ 

^ di^i^"; heiiB, ll'^tnner nl 
cntiHi (+ or -) than the loott tnOt. ' 
It the iunctioci. 



In order to understand the action of such an arrangetoc 
it will be well to first consider four separate coils wound o 
ring as shown in hg. 184. These coils are all similar, bat 
the moment occupy different magnetic positions on the ri 
The rotation being clockwise, 1 is about to enter the £ 
adjacent to the north pole, while 2 is emerging from the fl 
in the region of the south pole. Again, 3 is api^iacb 
the south poh and 4 receding from the north pole. 




TBB DYSAUO: CWtXENT COitMVTATIOS 



177 



Ones. Describe in detail the action of the four coUs 
■and around the rinft as In fig. 184. 

Ans. According to the laws of electromagnetic induction. 
Rssores are set up at the ends of the coils such as tend to 
mdoce currents in the directions indicated by the arrows. 
Inr, assuming the electromotive forces in coils 1 and 2 
ibe equal, if the adjacent ends be joined, no flow of current 
% take place, but the junction will be at a higher pressure 
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^ the loose ends of the coils and if a wire be attached to 
El junction, and the necessary circuits completed, a current 
B flow along the wire outward from the junction. Similarly, 
tlK adjacent ends of coils 3 and 4 be joined, there will be no 
nr of current, but the junction will be at a lower pressure 
la the loose ends, and if a wire be attached to the junction 
Id the necessary circuits completed, current will flow from 
■ TOHgtiffn arouad tZw anls. 



178 



HAWKINS ELECTRICITY 






Ques. What may be said with respect to the fi 
coil Gramme ring armature shown in fig. 185? 

Ans. According to the laws of electromagnetic indu( 
with the north pole of the field at the left and clockwise rotat 
the induced currents flow upward on both sides of the ring, 
ike electromotive forces oppose each other at only two of the jui 
namely: at the one connected to brush M where the pressures %^ 




MO* 

Fig. 186. — Gramme ring armature with six coils. The rine curves 1. 2 and 3, 
conditions due to coils AA\ BB' and CC, resi>ectively, and 4, the resultant 

either side are both directed toward the junction and the o\ 
the junction connected to brush S, at which the pressures are 
directed from the junction. 

It is evident, then, that the pressure at M is higher than at S; 
M is positive and S negative; consequently, the current flows 
to the external circuit and returns through S. 
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Ques. In what other way may the four coils of the 
armature in fig. 185 be regarded? 

Ans. They may be considered as two pairs A A' and B B', the 
action of either pair being identical with the two coil armature 
shown in fig. 183; this, in turn, produces the same effect as the 
one coil armature of fig. 182, with the exception that the ampli- 
tude of the current generated with two coils is twice as great 
as that with one coil of the same number of turns. 

Again considering the action of the four ring coil shown 
in fig. 185, and starting at the begmning of the revolution, the 
variation of electromotive force induced in coils AA' is indicated 
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Pk. 187. — The resultant curves of figs. 183, 185 and 186 are here shown for comparison to illus- 
trate the approach to uniform pressure as the number of coils are increaseci. It should be 
noted that the number of jmlsations per cycle depends on the number of coils, and that 
as the pulsations increase in number, the variation in pressure decreases. 

by the dotted sine curve 1, and of BB' by dotted curve 
2. It will be seen that 1 begins at the axis or line of no 
r>ressure, and 2 at maximum pressurCc 

The two curves overlap each other, and in order to determine the 
^ect of this it is necessary to trace the resultant curve, 3. This is 
easily done, as the resultant electromotive force induced at any point in 
the revolution of the armature is equal to the suiw o^ \.Vkft '^i^ssa'ws* 
induced in AA' and BB\ Thus, at the \)c^mmT\^ ol ^)^^ \^N0y^3^jsKsc^ 
the pressure induced in AA' is at zero point, at\dm^^' ^X,*\\^TwaMCv\csv 
J, beace, the resultant curve begins at the point J. K^aitv, tot ^sv-^ v^\sjX 
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in the revolution, as N, the height of the resultant curve is equal I 
N P+N T-N V. For 45'* or ^ revolution, the resultant curve readf 
its amplitude, which is equal to2XRZ=RW, and at 90** it again readi 
its minimum, X Y. J 

Ques. State the conditions upon which the steadlnoi 
of the current depends. j 

Ans. It depends on the number of coils and the manner I 
which they are connected. ] 

Comparing curves 1 and 3, in fig. 185, it will be noted that with 
coils the variation of pressure or amplitude of the pulsations is * 
half that obtained with two; moreover, with four coils the ni 
pulsations per cycle is doubled. 

In order to further observe the approach to continuous 
tained by increasing the number of coils, the effect of a six coil 
is shown in fig. 186, the resultant curve being obtained in the same] 
as just explained. For comparison, the curves for the three cases of 4 
four, and six coils are reproduced under each other in fig. 187. 

As the number of coils is further increased, the amplitude dLi 
pulsations decreases so that the resultant curve approaches nearer;| 
form of a straight line. 

In the actual dynamo there are a great many coils, hence the am| 
of the pulsations is exceedingly small: accordingly, it is custom 
speak of the current as "continuous," although as previously men! 
such is not the case. 
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CHAPTER XV 

CLASSES OF DYNAMO 



. order to adapt the dynamo to the varied conditions of 
ice, its design is modified in numerous ways, giving rise 
be different "types." These may be classified with respect 

. FkM magnets; 
. Field excitation; 
. Field winding. 

Tie first division relates to the number of magnetic poles, as 
polar, bipolar, and' multipolar dynamos; also interpolar 
amos. Under the second division arc included the following: 
. SelJ-exciting machines of which the magneto is the sim- 
t. Its magnetic field is obtained from permanent magnets, 
ce the electromotive force generated is comparatively small, 
more important type of self-exciting machine is provided 
I electro-magnets in which the field of force is "built up" 
1 the residual magnetism of the soft iron or steel cores of 
field magnets of the dynamo itself. Nearly all commercial 
^ o£ dynamo are of this class. 

Separately excited machines in which the field magnets 
nu^netized when the machine is in operation by current 
>lied &om a separate source such as a battery or magneto 
aator. 



182 



HAWKINS ELECTRICITY 



With respect to the third division, based on the field winding, 
dynamos are classed as: 

1. Series wound; 

2. Shunt wound; 

3. Compound wound. 

In addition to the foregoing there are further distinctions with respect 
to the mechanical features. Most dynamos have a revolving armature 
and stationary field magnets ; however, in some cases, both the armature 
and field magnets are stationary, a revolving iron inductor beinf 
provided to intercept the magnetic lines intermittently which produces 
the same effect as is obtained in cutting the magnetic lines by a revolving 
armature. 

Ques. What may be said of bipolar and multipolar 
dynamos? 

Ans. Dynamos with bipolar field magnets were univer- 
sally used prior to 1890, but since that time machines of this 
type are only made in very small sizes; the multipolar dynamo 
is the type now in general use. 

Ques. State some of the features of the multipolar 
dynamo. 

Ans. In this class of machine, the armature and fie'd magnets 
are surrounded by a circular frame, or ring yoke to which the 
field magnets are attached. This ring arrangement has the 
advantages of strength, simplicity, symmetrical appearance, 
and minimum magnetic leakage, since the pole pieces have 
the least possible surface and the path of the magnetic flux is 
shorter. 

Ques. What important advantage is gained by the 
use of multi-pole field magnets? 

Ans, Commercial voltages arc obtam^d a^ "Ksodacate anna- 
ture speed. 
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The difiBcnlty experienced with bipolar machines is that, with a 
dynamo of large oatput, the speed at which its armature would have 
to rotate to generate commercial voltages would be excessive. 

It 7S evident that with two or more magnetic fields, secured by 
increasing the number of poles, the armature inductors revolving between 
than cut more magnetic hnes in one revolution than with a single field. 




OpT^ipC 

'c I Rcuit" 



ourarot 
crAruff 



S 18S and 189.-Circmt dii«r«ins to fflostrate the <lift«^<* ^>«^^ *J ?^!fS c^Sli? 
BMoeto. The former hwiu field magnets P P magnetized by means of a «n*P dj™* 
ia^ixxnnd a Aunt dxcmU In aSgneto the field magneU are permanently m-jnet. 
SSrhSc^ingth of the magnet fieldS a magneto is constant while that of a dynamo 
▼uks with the output. • 



bence,agiven voltage is obtained with less speed of the armature than in 

the bipolar machine. . . ^ ^ *. aoa 

For instance, if a bipolar dynamo be required to run at say 900 
wrobtions per minute to generate 125 volts, a four pole naadune ot 
«pal output will jeqmre only 460 revolutions, and one ol cv^iX v»«^ 
mlr^OSS^ jmnoiutkxu per minute^ 
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Ques. What Is a self-ezcltli^ dynamo? 

Ans. A machine in which the initial excitation of the field 
is due to the residual magnetism retained by the cores, 

Ques. What may be said of the field due to this residual 
magnetism? 

Ans. It presents a very weak field, and the volt^e that 
could be generated by the armature revolving in such a field 
would be only about two to ten volts. 




Ques. How then can commercial voltages such as IM 
or more volts be obtained with a self-exciting dynamo? 

Ans. Part or all of the current induced in the armature 
is passed through the windings of the field magnets, thus 
strengthening the field. The voVta^c, t\ie,-t<ilcn^,"riSk."\MJiA.rj3}," 
increasing until the maximum has \ieetv 'cea.^Vti. 
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The maximum voltage will depend upon the capacity of the field 
magnets as determined by the construction, and upon the strength of 
current used to excite them. 

Ques. How long does the process of **building up*' 
require? 

Ans. The time required to fully excite the field magnets 
is from ten to twenty seconds, the rise in field strength 
being indicated on the voltmeter or by the gradual increase 
in the brilliancy of the pilot lamp. 

Ques. Name three important classes of dynamo. 

Ans. Series wound, shunt wound, and compoimd wound. 

Ques. Describe the winding of a series dynamo. 

Ans. In this machine, the field magnets are wound with 
a few turns of thick wire joined in series with the armature 
brushes as shown in fig. 190. 

Ques. What is the effect of this arrangement? 

Ans. All of the current generated by the machine passes 
through the coils of the field magnets to the external circuit. 
The current in passing through the field magnets, energizes them 
»nd strengthens the weak field due to the residual magnetism of 
♦he magnet cores, resulting in the gradual building up of the field. 

Ques. For what service is the series dynamo adapted ? 

Ans. It may be used for series arc lighting, series incan- 
descent lighting, and as a booster for increasing the pressure 
on a feeder carrying current f lunished by some other generator. 

Ques. What is the effect of the series winding in the 
operation of the machine? 

Ans. Its characteristic is to furnish current at axv vcvcx^"^sfc^ 
• 7o)tage as the load increases. If sufficient curtetvt \i^ ^lT^^ntv. Vc^ 
^nTsrhad the machine, the voltage will drop. 
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Since the armature coils, field magnets and external cin 
in series, any increase in the resistance of the extefnal circu 
the power of the machine to supply current, because it dimir 
current in the coils of the field magnets and therefore dimin 
effective ma^etism. Again, a decrease in the resistance of the 
circuit will increase the voltage because more current will floi^ 
the field mapiets. Accordingly, when the external circuit h 
in series (as is common in an arc light circuit) the switching 
additional lamp both adds to the resistance of the circuit and d 
the power of the machine to supply current. When the lam 
parallel, the switching on of additional lamps not only dimii: 
resistance of the circuit, but causes the field magnets to b( 
excited by the increased current, so that the greater the number 
put on, tne greater becomes the risk of inducing too much cum 

The series dynamo has also the disadvantage of not startu 
until a certain speed has been attained, or unless the resistan 
external circuit be below a certain limit. 

Regulation of Series Dynamos. — The series dyr 
ordinarily used for operating arc lamps connected in 
The current generally consiimed is about 10 amperes, 
is necessary that it should remain at this strength 1 
the lights burning steadily. If it increase, the ligt 
be too bright, and if it decrease, they will be too dim or 

With all the lamps connected in series it is evide 
the resistance of the circuit will vary widely as they are 
on or off, the resistance increasing as the lamps are tur 
and decreasing as they are turned off. It is necessar>'', th 
that some means of regulation be provided to enable the < 
to increase or decrease the voltage in proportion to tl 
There are several methods of regulation, as by: 

1. Variation of armature speed; 

2. Variation of position of brushes; 

3. Variation of field strength. 

Whatever method be used the necessary regulation 
be accomplished by automatic devices, as it would 
practical to station a man in cotvstatit attendance to i 
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the voltage every time one or more lamps were thrown on or 



Ques. When is the first method of regulation used? 

Ans. It is only used in special cases, as for constant load; 
if the voltage be not just right to give the required ciurent, 
it may be adjusted by changing the speed of the engine. 

Ques. What may be said of the second method? 

Ans. In both the * nng* ' and * 'drum" types of armature, rotat- 
ing in a bipolar field, there are two points situated at opposite 
extremities of a diameter of the commutator, at one of which 
the potential is a maximimi and a; the other a minimum, and 
it is at these points that the brushes must be placed in order 
to obtain the greatest difference of pressure, the difference being 
less at other points. Hence, by rocking the brushes around 
the commutator the pressm-e at the terminals of the machine may 
be varied and regulated as required. 

Ques. What difficulty Is experienced In rocking the 
brushes to regulate the voltage? 

Ans. Sparking takes place at the brushes when they are 
moved any considerable distance from the neutral position. 

Special dynamos have been designed to overcome this objectionable 
feature, still this method of regulation is not extensively used. 

Ques. What may be said of the third method of 
regulation? 

Ans. The third method, that of variation of field strength, 
is the one in general use. 

Ques. How Is the field strength varied? 

:Ans. This may be done by the two f>atk metHod, ot V^ *<Xsa 
^nadUjield coil tnethad. 
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Ques. Describe the two path method of field regu- 
lation. 

Ans. An adjustable resistance or rheostat is connected 
in parallel with the field winding as shown in fig. 191. This 
shunts more or less of the current from the field winding according 
to the amoimt of resistance made active by the lever, L, 

Thus, if the current in the armature and main circuit be 10 amperei: 
and the resistance of the field winding 10 ohms, a resistance of 40 ohim! 
in parallel with the winding w^ould cause the current to split in the; 
ratio of 40 to 10, or 4 to 1 ; 2 amperes would pass through the resistance 
and 8 amperes through the ficla. 



RHEOSTAT 




SWITCH 



WnJOTTOQSW?^ 



FIELD WINDING 



MAIN CIRCUIT 




Pig. 191. — ^The two oath method of relating a series dynamo. The ends of the series windinff 
are connected by a shunt containing a rheostat. The current induced in the armatoie 
divides and flows through the two paths thus oflfered, the amount flowing through the 
shunt being regulated by the rheostat. In this way the field strength is easily regulated. 

Fig. 102. — Regulation of series dynamo by variable field. A multipoint switch is provided 
with connections to the field winding at v.irious sc<.:tions, thus i>cnnitting more or \of 
of the field winding to be cut out to regulate its strength. 

Ques. Describe the variable field coil method of field 
regulation. 

Ans. This consists in dividing the field winding into a 
number of sections and throwing the sections in and out of 
circuit as shown in fig. 192. 

Since the strength of any magnet depends on the number of ampcf"* 
turns in its iieJd winding, reducing or increasing the ntmiber of turns wift 
respectively reduce QF iuCT^?^ titie ti^\^ \aVt^Ti\^i}c^ \}Mi ^:»ixtQat bcW 
kept coQstaJxU 
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Oues. What is the objection to this method? 

Ans. This arrangement is undesirable for magnets of large 
sixe, because of the tendency to flashing at the contacts of 
the regulating switch. 

The Shunt Dynamo. — The shunt wound dynamo differs 
from the series wound machine, in that an independent circuit 
it used for exciting its field magnet. This circuit is composed 
of a large number of turns of fine insulated copper wire, which 




indimd in ihe ■nnatun. The characteriitic of the shunt dvnHino is Ihat it pva prac- 
licilly coimant volUge [or all load* within iu range. It overloaded the pressure vrill drop 
•ad the m aclii n e ceaie to seneniU cutreot. 



IS Wound round the field magnets and connected to the brushes, 
Was to form a shimt or "by pass" to the brushes and external 
"^cuit, as shown in fig. 193. Two paths arc thus presented 
to the current as it leaves the armature, between which it 
^vides in the inverse ratio of the resistance. One part of the, 

j OttTent flows through the magnetizing coi\s, au4 ^^^ft ci^et 

'partial tbzmifib the external circuit. 
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In all well designed shunt d3mamos, the resistance of t 
shunt circuit is always very great, as compared with the resia 
ance of the armature and external circuit, the strength of tl 
current flowing in the shunt coils being very small even in tl 
largest machines. 

Ques. For what service is the shunt djmamo adap^ 

Ans. It is used for constant voltage circuits, as in in 
cent lighting. 

Ques. In the operation of a shunt dsmamo what I 
its characteristic feature? 

Ans. The voltage at the dynamo remains practically td 
changed, and the current varies according to the load. 

Ques. Does the volta(te remain constant for all h 

Ans. There is a certain maximtun load current that 
shunt dynamo is capable of suppl3dng at constant volt 
beyond this, the voltage will decrease, the machine 
demagnetizing itself, and ceasing to generate current. i 

Ques. Why does the voltage not remain constant fj 
a'l loads? j 

Ans. Because there is a drop in the voltage in forcing fl 
current through the armature windings which increases ^ 
the load. 

Ques. What is the usual method of r^^ulation 
shunt dynamos? 

Ans. The method of varying the current through the 
coils by means of a rheostat inserted in series vdth the 
mnding as shown in fig. 194. 




CLASSES OF DYNAMO 



191 



Moving the lever L of the rheostat to the right increases the resistance 
m series with the field winding, and this reduces the amount of current 
in that winding, thus reducing the strength of the magnet and conse- 
quently the voltage at the brushes. Ine contrary movement of the 
lever, by cutting out the resistance, produces the opposite effect. 

he Compound Dsmamo. — ^This class of generator is 
IDed to automatically give a better regulation of voltage 
xmstant pressure circuits than is possible with a shunt 
line. It possesses the characteristics of both the series 
shunt machines, of which it is in fact a combination. 



^^^&> ■ 




MAIN CIRCUIT 

A. — ^Regulation of shunt dynuno by method of varying the field strength A rheostat 
placed In series with the field coils, and by varying the resistance, more or less current 
D flow throncfa the coils, thus regulating the field strength. 

le field magnets of the compotmd dynamo, as shown in 
95, are wound with two sets of coils, one set being connected 
ries, and the other set in parallel, with the armattu^ and 
nal circuit. The purpose of the series winding is to strength- 
he magnets by the current supplied from the armature 
be circuit, and thus automatically sustain the pressure. 
le series winding were not present, the pressvixe a\> >3di^ 
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terminals would fall as the load increased. This faU of pn 
is counteracted by the excitation of the series winding, whi< 
increases with the load and causes the pressure to rise, 
number of turns and relative current strengths of the 
and shtmt windings are so adjusted that the pressure at 
terminals is maintained practically constant under vs 
loads. 



With respect to the ratio between the number of turns 
the two field windings, the dynamo is spoken of as: 

1 Compound; 

2. Over compounded. 

Ques. What is the di£Ference between a compound 
and an over compounded dynamo? 

Ans. In the first instance, there are just enough turns 
' in the series winding to maintain the voltage constant at the 
brushes for variable load. If a greater number of turns be 
used in the series winding than is required for constant voltage 
at the brushes for all loads, the yoltage will rise as the load 
is increased, and thus make up for the loss or drop in the trans- 
mission lines, so that a constant voltage will be maintained 
at some distant point from the generator. The machine is 
then said to be over compounded, 

Ques. For what service is over compounding desirable? 

Ans. For incandescent lighting where there is considerable 
length of transmission lines. 

Ques. What is the usual degree of over compounding? 

Ans. Generally foi a rise of voltage of from five to ten 
per cent. 
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In construction, the field coils are wound with a greater number of 
turns than actually required, the machine being accurately adjusted 
by a running load test after completion. 

Qaes. How is the degree of over compounding varied ? 

Ans. A rheostat is placed in shunt with the series winding 
D that the current passing through the winding may be regu- 
kted to control the voltage of the machine. 
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. 195. — Compound wound dynamo, used when better auton^atic regulation of voltage on 
oooitant pressure circuits is desired than is possible with the shunt machine. The 
cooipound dynamo is a combination of the series and shunt types, that is, the field magnet 
k excited by both series and shunt windings. With a proper selection of the number of 
tams in the series coils, the voltage may be kept automatically constant for wide fluctua- 
tkms in the load, "^hen the machine is over compounded its characteristic is to slightly 
tacrease the voltage with increase of load, a desirable fcatme for long transmissionlines 
ia order to compensate for the line drop. 

Ques. How are the ends of the shunt whiding of a 
pound dynamo connected? 

Ans. There are two methods of connection, being known as 
the short shunt and the long shunt. 

Ques. Describe the short shunt. 

Ans. In the short shunt, the ends of the shunt w'.Tidiwijj 
i coonectad directly to the brushes as in fig. 1%. 
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Ques. Describe the long shunt. 

Ans. In the long shunt, one end of the shunt winding 
connected to one of the brushes and the other end to the termiii 
connecting the series winding with the external circuit as i 
fig. 197. 

Ques. Which is the more desirable? 

Ans. Theoretically, the long shunt is preferable as beix 
the more efficient; however, in practice, the gan is not vfl 
appreciable and the short shunt is generally used. 




SERIES 



MAIN CIRCUIT 




mmwmwim 



SERIE 




MAIN CIRCUIT 



Ficis. 196 and 197. — Short and long shunt types of compound wound dynamos. The d 
tinction between the two is that the ends of the short shunt connect direct with the fani 
terminals, while in the long shunt type, fig. 197, one end of the shunt connects with a 
brush terminal and the other with the terminal connecting the series winding with t 
external circuit. R is the shunt field rhcostai for regulating the current through tne 



Ques. What may be said regarding the voltage ft 
short, and long shunt machines? ^ 

Ans. In a short shunt machine, the shunt winding is soil 
jected to a higher voltage than with a long shunt. The preasod 
applied thrcnigh a shunt witi^n^ Vv\.\v a \qw^ ^bunt^ for 
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uticular load, is equal to the voltage at the brushes plus 
be drop in the series winding. 

Ques. For what other service besides incandescent 
Ihting are compound dynamos adapted ? 

Ans. They are employed in electric railway power stations 
ihere the load is very fluctuating. 

Oues« What is the effect of a short circuit on a com- 
^d dsmamo? 

Ans. It overloads the machine, since the excessive current 
lowing through the series field tends to keep the voltage at 
h normal value. 

Unless the line be automatically opened under such a condition either 
by a fuse or circuit breaker, the machine and its driving engine may Iw 
damaged. To avoid this danger fuses or automatic circuit breakers are 
employed. 

Ques. Mention another service for which the com- 
loond dynamo is used. 

Ans. In some isolated plants, as small country residences 
there it is frequently necessary to have a dynamo capable of 
iarging a storage battery during the day, and of furnishing 
Sirrent for lighting during a certain portion of the evening. 

Under such conditions the compound machine with slight modifica- 
tion is used, the ordinary shunt dynamo not being capable of main- 
taining the necessary consistency of voltage, without attention to tlie 
shunt regulator in driving the lamps direct, the ordinary compound 
dynamo on the other hand, being unsatisfactory for charging storage 
batteries. 

Qoes. How is the compound dynamo modified to adapt 
It to the dual service of lighting and battery charging? 

Ans. It is furnished with alternative compoutid windings 
il vliich the series winding is provided with a switch^ ^V^^ 
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may be fixed either upon the machine itself or upon the swit 
board. This switch permits the series coils to be either sfa 
circuited in part or cut out of the circuit entirely while 
machine is charging the storage battery, being again cut i 
circuit when the machine is required to furnish current 
the lamps. 




MAtN CIRCUIT 



IS. — Sepunitel 
d muller gen 



icit«l dynamo. Can 



Separately Excited Dynamos. — In this class of mach 
tlie current required to excite the field magnets is obtaii 
ix-om some independent external source. Though used 
Paraday, the separately excited dynamo did not come « 
favor until, in 1866, Wilde employed a small auxiliary magn 
machine to furnish currents to excite the field mt^nets 01 
larger dynamo. 

A separately excited dynamo is shown in fig. 198, T 



[» 

^ 
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C 



method of field excitation is seldom used except for alternators; 
it is, however, to be found occasionally in street railway power 
houses, the shunt fields of all the dynamos being separately 
excited by one dynamo. 

In common with the magneto, the separately excited machine 
possesses the property that, with the exception of armature 
reactions, the magnetism in its field and therefore the total 
voltage of the machine is independent of variations in the load. 




Fig. 190. — Diagram showing principle of Dobrowolski three wire dynamo. This type of 
machine is shown in nu>re detail in fig. 795 on page 708. 



Dobrowolski Three Wire Dynamo —This type of dynamo 
was designed to operate a three wire system of distribution 
without a balancer. The armature is provided with insulated 
slip rings connected to suitable points in the armature winding 
and (by means of brushes) with choking coils mectitv^ at a c^cfcc^- 
mon point, to which the neutral wire of the systettv '\^ eoT\x\fc^\.^^> 
lAe wain terminals being connected with t\ve oviteidie ^\ie&* 
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The machine is capable of feeding unbalanced loads withont 
~- - disturbance of the pressure on either side of the system. 

The principle of the Dobrowolald thi«« wire dynamo is illustrated in 
fig. 199. The armature A is tapped at two points, B and B', and 
connected to slip rings C C. A compensator or reactance coil D, be- 
tween the two halves of which there is minimum magnetic leakage, is 
connected to C and C by brushes, and has its middle point t^ped 
and connected to the neubsl wire " 




ic Wstinshouie three wire d>-nuiio. 



It IS dear, from the symmctrj of the arrangement, that the center 

Eoint of the coil must dlwa\s be i] i roximately midway in pressure 
etnecn that of the brushes, and htncf any unbalanced current win 
return into the armature, dividing eijually lietween the two halves of 



There are various modifications of the arrangement. Thus more thaa 

two slip rings may be used. The comi>ensator windings, however, 

Bhould always be arranged so that the magnetising effect of the neutral 

curren t is se/f-neutraliited in the w\r\4\vi^s, a'i lAVx 

causing a very heavy alternating magnetvLwi^ co'm.'s*rosi&. 
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CHAPTER XVI 



FIELD MAGNETS 



The object of the field magnet is to produce an intense mag- 
luetic field within which the armature revolves. It is con- 
structed in various forms, due in a large measure to considera- 
tions of economy, and also to the special conditions under 
which the machine is required to work. 

Electromagnets are generally used in place of permanent 
\ magnets on accotmt of: 1, the greater magnetic effect ob- 
r tained, and 2, the ability to regulate the strength of the mag- 
netic field by suitably adjusting the strength of the magnetizing 
current flowing through the magnet coils. 

The field magnet, in addition to furnishing the magnetic 
fidd, has to do duty as a framework which often involves con- 
siderations other than those respecting maximum economy. 

The Make Up of a Field Magnet. — In construction, the 
dectromagnet, used for creating a field in which the armature 
of a dynamo revolves, consists of four parts: 



1. Yoke; 

2. Cores; 

3. Pole pieces; 

4. Coils. 

TbetoMnabowa Baaembled in figs. 201 to 204, 
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Ques. What Is the object of the yoke? 

Ans. The yoke serves to connect the two "limbs," th 
is, the cores and pee pieces, and thus provide a con>-ini:o 
inetallc circuit up to the faces of the pole pieces, 

Ques. How Is the yoke constructed? 

Ans. It usually forms the frame of the dynamo as »hoi 
in figs. 205 and 206. 



Fig. 201. — Salient pole, bipoU 




■j^xud the yoke. 



Ques. What may be said of the cores? 

Ans. The cores, which are usually of circular form, carr 
the coils of insulated wire used to excite the magnets. 

Classes of Field Magnet.^AI though numerous forms c 
field magnet have been devised, they can be classed into tw 
groups according to the type of pole, as: 



1. Salient polt; 
2. Consequent pole. 
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The distinction between these two types of pole is shown in figs, 201 
ta 20a. By inspection of the figures, it will be seen that the term salient 
applies to poles produced when the pole pieces form the ends of the 
magnet, as distin^ished from consequent poles, or those formed by coils 
wound on a continuous metal ring or equivalent. 

In the salient pole bipolar magnet, the winding may be either upon 
the limbs, M M fig. 202, or upon the yoke, Y as shown in fig. 201. The 
magnetic circuit of salient and consequent poles i" ■-'*----• '- •' 
fignres by the dotted lines. 




So. lOB. — GaHsit pole. Upolar fisld magiiet with two lliIi wuuDd unnind tha 




n conoccud *I th« indm \i-i t 
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MuItl-Polar Field Magnets.— In the multi-polar machme, 
the subdivision of the magnetic flux reduces the amount dt 
material of both magnet and annature. Moreover, there is lesB 
heating on account of the greater capability of dissipating tho 
heat, offered by the increased area of surface per unit of v(4uilN 
in each magnet pole and winding. 




with four cr^n^c-^iui^nt p"lc fiftd magnets, tn Ihia tunliu i 
' £crvc£ Hi a irami:; the cir^-ulur fiirm of yohc gives the lean ^ 



There may be four, six, tiglit, or maw jmlcs, arranged in altermla 
orlcr around the annature. Fij;. IIIH shows a four pole field nutc&et 
having a common yoke or ircin ring, with four pole pieces projectioc 
inwardly, and over which the fxcitinj; cnil^ .-irt slipped. 

!n the larger machines the ynki' is niadt- in two parts bolted together 
OS shown in fig. 206, so that the upper portion may be lifted off for 
examination of the ' " 



Ques. Can the number of poles In a multi-pcriaf 
machine be advantageously Increased to 16, 32, or mtve? 

Ans. A large number of poles is not advisable except is 
very larg'e machines, since it invokes atvK-ivcieaER-vQ.'iia' 
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if Tnar4mM> work, fittings, eta« somewhat out of proportion 
b the reduction in cost >f material and increase in efficiency. 

bit. What materlate are generally used fcnr field 
eti? 

I Ans. Wrought iron, steel and copper. 

There are a number of considerations which govern the selection of 
the materials to be used in a particular machine, such as initial cost, 
weighty efficiency, etc 



O)"^ LIFTING RIHB 






■kW^and 206 — SoUd and split construction of yoke for multi-polar dynamos. In the lat ter 
type the yoke is in two halves joined alons a horizontal diameter; while the upper half 
may be conveniently removed to give access to the armature, it has the disadvantaffe of 
the joint, which, no matter how well made, will add to the reluctance of the meRnetic 
circast. The figures also Uluatrate the circular and segmental forms of >*oke construction. 

Ques. In the construction of fie!d magnets, what 
the choice of materials? 

Ans. For cones, wrought iron is most desirable, as requiring 
^ smallest amount of material for a given llux. There is a 
ing in copper due to using wrought iron for the core sinoa^ 
wsxoant ot its small size, the length oi eadi Xaxcxv o1 ^Qcdt 
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magnetizing coll is reduced- For heavy yokes, where lighti 
not essential, but very often the reverse, cast iron is us 
its cross section can be made larger than that of the core 
ncrease in area serving to give strength and rigidity 1 
machine. Cast steel occupies a place intermediate be 
cast iron and wrought iron both in cost and magnetic 




B 










In fonu, tlwBe yokes mny 




stMl yoke. The rib« ghoira in Sfst, 310 a- 



O'les. Name twc forms of yoke In general u^ 

■;ii. The solid, and divided types as shown in figs, : 



Oi)<!S. What Is the object of dividing a yidir 

Ads. To permit access to the annature, where 
struction does not admit ot temoNai. ot Vnt AaSAet faun 
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Qoes. How Is the yoke usually divided? 

Ans. Across its horizontal diameter into an upper and 
(Jdwct half, as shown in fig. 206, the lower half being seated on, 
[«r more frequently cast in one piece with the bed plate. 

Ques. What is the objection to dividing a yoke? 

Ans. The joints introduced, even if carefully faced and 
Ipell bolted together, add a little reluctance to the magnetic 
circuit. 




213 to 215. — Some methods of attaching detachable cores. The core seat is machined 
to receive the core, it being necessary to secure good contact in order to avoid a large 
increase in the reluctance of the magnetic circttit. 



Ques. How does this aSect the poles adjacent to the 
points, and what provision is made? 

Ans. It weakens them, and in order to overcome this, the 
Coils of these poles are given a few extra turns. 

Ques. How is the reluctance of a yoke joint reduced? 

Ans. By enlarging the area of contact; the flange for the 
bolts furnishes the necessary increase. 

Ques. What determines chiefly the cost of field mag^ 
aeto? 

Ans, The xnaterial used in making tVie coie^ mA "OaKCt 
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Ques. How doe» this affect the coat? 

Ans. Since considerable cross sectional area of core is re- 
quired, the problem confronting the designer is to design the 
core by judicious selection of material and shape, that the 
required number of turns in the magnetizing coil is obtuned 
with the shortest length of wire. 




Fics. aifl to ___ 

Dutaide boundary of 
of copper rcQUJred fi 

for convenience bein^ token 



periiaeten. the cifda 



Ques. What is the principal objection to the use of 
cast Iron for core construction? 

Ans. Since its sectional area must be considerably mow 
than wrought iron, a much greater quantity of copper is w 
quired for the magnetizing coils. 

Copper is expensive, while cast wim ciiTv=. s-ti; Uk expensive thM 
eguivaJent ones of wrought \iotv, m fti\i l^.->^^T^cc';^^«\,\'l.^a■a»c«*aaO 
observe how different deagneia aim at tmt ccoTOim.-j mi a 
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Steel is sometiines used in place of wrought iron, and though less 
eflident mi^gnetically, it can be cast into the desired shaf)e, thus avoiding 
the somewhat expensive processes of forging and machining, which are 
necessary in the case of wrought iron. 

Ques. What form of core requires the least amount 
off copper for the ma^etizing coils, and why? 

Ans. The cylindrical core, because it has the shortest per- 
phery or boundary for a given area enclosed. 





222 to 225. — Several forms of pole piece. Where the extremities project as in figs. 222 
and 223. they are called horns. The object of these is to reduce the reluctance of the air 
gap. The width of "fringe" of the magnetic field is influenced by the shape of the pole 
piece; the margin of fringe should be such that the flux density will vary from zero to a 
hi^ ralue where the inductors enter. 



Figs. 216 to 221, show a series of cross sections, all of the same area. 
The number marked on each section indicates the length of the boundary 
line, that of the circle being taken for convenience as 100. 



Qoes. What are the pole pieces? 

Ans. These are the end portions of the field magnets, ^ovtvwl 
to, or cast together with the core and placed ad^acexvX. \.o >i>w^ 
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The faces of the pole pieces are of drcular shape, thus form 
ndes of the so-called armature chamber within which the ax 
rotates. 




Ao> 39& — UDiynunetrlcAl pole piece {ntnxluccd bjr Grvvier to coaccritntto the map 
When the dynuno ii vorliuig at small losds. the flux In the sap it Deuly uni 
ax heavy loadSp the distortion due to the armature current forces the Qui for 
■atuiata the forward hom, Ihua preventing much change initsfluidentity, o 
of the laturation. and the diminiining area, Lundell combined the ual/miziei 
■lotted fomu of pole piece u ahown la fig. Z37. 



Ques. Why are the pole faces made larger that 
coils? 

Ans, In order to reduce the reluctance of the air gap be' 
the face and the armature, thus enabling fewer magne 
coils to be used. 




It is important that the field should be magnetically ligid, that 
easily distorted. This stiffness of lield can be partially seen 
jadidous shaping of the pole pieces. A few foims of pole pi 
abotm in Sgs.i^ to 23L. 
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If the projecting tips of tliepole pieces, ^r horns aa they are called, 
be widely separated, as in fig. 222, tYiey are not always good, even though 
&na. It is better that they should be extended as in fig. 223 so ttut 
they may be saturated by the leakage field or else cut off as in fig. 224. 

An extreme design, sug^ted by Dobrowolsky, as shown in fig. 225, 
soTFOunds the armature with iron. 

Another scheme, proposed by Gravier, employed the unsymmetrical 
fonn shown in fig. 226. In this pole piece the forrrard horn is elongated. 
The action due to this airangement is such that when the nuifhifw ig 




ISS — Noo-concsitric Dole (■«•: one method of Kcuring mlttblg nugnetlc "trlnge" 



.trie pole ucea; 
ricidity of Geld. 




Eddy Currents; Laminated Fields. — The field magnet 
tes and pole pieces, as well as the armature of a dytuLta.Q ^t% 
ecial^ subject to eddy currents, that is, utdoEeA, ^uwAna 
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I^G. 232. — Illustrating the alteration of magnetic field due to movement of mass of iron in ths 
armature. If the masses of iron in the armature are so disposed that as it rotates, the dkh 
tribution of the lines of force in the narrow field between the armature and the pole piece 
is being continually altered, then, even though the total amount of magnetism ot the fii^ 
magnet remain unchanged, eddy currents will be set up in the pole piece and will heat it. 
This is shown in the above figures, which represent the effect of a projecting tooth , such ai 
that of a Pacinotti ring, in changing the distribution of magnetism in the pole piece* 






Fig. 233 — Eddy currents induced in i>ole pieces by movement of masses of iron. The 

diagrams, which correspond to those of fig. 232, show the eddy currents grouped in iMurt 

of vortices. The strongest current flows between the vortices and is situated iust beknr 

the projecting tooth, where the magnetism is nxosl intense; it moves onwara followiac 

the tooth. At C is shown what occurs during the final retreat of the tooth from the pole 

piece. These eddy currents penetrate into the interior of the iron, although to no great 

depth. Clearly the greatest amount of such eddy currents will be generated at that pait 

o/ the pole piece where the magnetic petVwTbaUotvs arc vi^reatest and most sudden. A 

srlance a t the figures shows that this should V^ at tVvt \ot>n jLT^Vora. c^.>SGAV^*^^^sce. Hoir* 

5r^ "'Acn A dynamo, with homed po\e pieces, Vva&\>eeTvT>aM»»%\sK 

we forwmrd hcmu are cool and the VdodwaxdYion^ wA« 
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nurents occurring when a solid metallic mass is rotated in a 
magnetic field. These currents consume a large amount of 
energy and often occasion harmful rise in temperature. This 
bss may be almost entirely avoided by laminating the pole 
piece, or both pole piece and core; in the latter case, both form 
■ne part without any joint. 




VK. ZMt— Pan WaroB laimnald Pol< 
nU iDle pieces liwn eust nunul 




cebtforebeingeaslweldHlintoframB, In thelictiof 
Ktric (Tirrenls called tddy cuniMs which c«uie hatma 
uired to maintain a maHnctic ciicuit in much the luiw 

_._ _ iKduced by dividinglhemagnelic circuit in Ih-H"-"' 

pAralld pathi Kparalcd by aome matehal of relatively high re 



the eddy ct 









Ones. What Is a laminated pole? 

Ans. One built up of layers of iron sheets, stamped from 
'dmt metal and insulated, as shown in fig. 234. 

': Qdm. What may be said of this construction? 

\ ht. It is a most approved method, and one It^s^'ecil'Oi.'j 
r m the aoDstructioa of cores and pote pvecfts. 
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Fig. 234 Shows a combined core and pole piece made entirely of she 
iron punching^ asscmtilitl and ri\-etcd together, and Ijg. 235, a core 
be used nith K(r|iiir:Lte |<(ili- |:iece. It shniild t e noted that in both caf 
there is a lonfiiluiiiiial slut extending frc.ni the end into the core, Tl 
was first sugti's'"' by I-undell, tlie dbji'ct IfinK to prevent, as tar 
possible, the distortion cif the magnetic lield due to armature reactii 
especially on heavy overloads. 




FW, 23.',.- Tiirt Wn-.-nr l.irTii-.it .1 cnre withott prJp jint. n< r,',-A on htur d>-niii 
fpiibJj.i.^.l.^i.im.'i'i;,.. t- 11 fhtrtlmi,. (,r.1riiM..lii:-.l.r|i-.-»™r«. The alt... 

r^}-.iva .'l|'r.-.'.-l !■■- irmireecwl t:ivhani.-.il i:ri. i> .'f mclal in cmI wc 

niirrri. fr..,.-.. U.-.a. •an., l.'<vi.|.ii core an] p.k|. is r.-J.uiA to a nUnimum 
l;,-i! paiiJ'iri irtA <he VliuJvvo vtcmw.. w far m poMblt. 
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Qdm. What mode of construction is adopted to reduce 
the nlactance of the magnetic circuit when laminated 
pdtt are used? 

I Ans. They are cast welded into the frame. 

The frame end of the core as shown in tlie illustrations has irregularities 
I ia the heights of the diSereat sheets, as well as grooved undercut 




I* m, ^t Wnnv one ^ece frame irith cast welded combinal core" md pole viKs. 

a ar deccriad mppsntiu m nmaiictic circuit of lo" re1uci*ni.-e nsiuina Irsi inorgj' to 

*^lua m ^ven fliu than one having a cumpaiatively high nluciancc. To rcilucs Chi* 

I *»iiiiiiiimuntlM pnl" SiiBOei and core* aic comhiQi-d into one part and then caat wddrd 

I Ub tlM TokB oi IiuBc Thia tb» eoatinaity of Dte idxmWb a[Ci^'b\k v*eic)ia.i 
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surfaces, in order to enable the molten metal of the frame to key well ioto 
the laminations of the core, making a good joint, both mechamcally and 
electrically. By this construction, the continuity of the magnelk 
circuit is practically unbroken save for the air gap between the pole 
piece and armature. 

Fig. 236 shows a one piece frame of a six pole dynamo having cMt 
welded into it, combined cores and pole pieces. 

Ques. What is the disadvantage of laminating a core? 

Ans. It necessitates a nearly square or rectangular section, 
which requires more copper for the winding than the cylindrical 
form. 




Fig. 237. — Lundell type of conibinwi core atid pole piece; a combination of Oravier's fin- 
symmetrical hums and lon^tudinal slot designed to prevent distortion of field. 



The Magnetizing Coils. — The object of the magnetizing 
coils, is to provide, under the various conditions of operation, 
the number of ampere turns of excitation required to give the 
proper flux through the armature to produce the desired electro- 
motive force. 

With respect to the manner in which magnetizing coils are 
wound they are said to be: 



i. Spool wound; 
-2 Former wound* 
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Odm. Detcrlbe the methods of constructlnft spool 
vaod coils. 

Ans. The spool is made in various ways, sometimes entirely 
brass, or <rf ^leet iron with brass flanges, or of very thin cast 
n. Some builders use sheet metal with a fiange of hardwood, 
A as teak. If a spool be simply put upon a lathe to be 
and, the imier end of the wire, which must be properly se- 
ed, should be brought out in such a way that it cannot 
sibly make a short circuit with any of the wires in the upper 



13S.— Uethod of wii . 

•oMt. Thi* method liu . 




3S. To avoid this difficulty, the wire is sometimes wound 
the spool in two separate halves, the two inner ends of which 
united, so that both the working ends of the coil come to 
outside as shown in fig. 238. 

rues. Describe the construction of former wound 



BS. Former wound coils are wound upon a block of wood 
ing temporary flanges to hold the wire together Amiyg.^ Voe 
diojc. Suci coils have pieces o{ strong tape insert«i\>e^-«eeQ. 
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the layers and lapped at intervals over the windings to bind 
them together. Coils are usually soaked with insulating 
varnish and stove dried. 

Ques. What may be said with respect to the coll enda? 

Ans. Several methods of bringing out the ends of coib 
are shown in figs. 238 to 241. In fig. 239 copper strip, laid 
in behind an end sheet of insulating material, makes connectioa 
to the inner end, as shown in the right side of the figure, while 




PtC. 239.— Care and edge strip nindinK for thunt field coils of large Riultipolai 

The winding conaiati of a copper £1nip S ciTcfully insulated and placed ed^wiae on «• 

tl™ is reduo^lo aSiimum. i^'. although' lho"e™>linii surface is amall. each luio oftk 

another strip, shown on the left side similarly inlaid, serves 
as a mechanical and electrical attachment for the outer end 
of the winding. 

Two other methods are shown in fig^. 240 u-.iA 241. A simple device 
for securing the outer end is to fashion a tiTminal piecesothat it canbj 
laid upon the winding, the last thrcj or four turns of which are wouiw 
over its base, and after winding, are bared at the place and securdf 
soldered. 

Quea. How are the colls Insulated? 

Ans. The spools upon which tVia COW'S, ^^t ^tjvisA m* tisiiBW 
insulated with several layers ot papet v^av«^^'»°fn&">*-'' 
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cne-tenth of an inch made up of several superposed layers 
taexni'.y sufficient. Varnished canvas is useful as an under- 
aod vulcanized fibre for lining the flanges. It is important 
rotect the joint between the cylindrical part and the flanges. 
pre paper may be laid upon every four layers of winding, 
wen series and shunt coils, in compound wound machines 
t should be an insulation as efficient as that on the cores. 




Im conaacud with tbe end < of tlw ooil bcton Wojimv 
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When the winding is completed, two layers of pressed botl 
or equivalent are laid over and bound with an external windto 
of hard rope or tape. This protective external lagging covem 
the outer surface of the completed coils is not altogethefl 
benefit for it tends to prevent dissipation of heat. 




Ques. How are the colls attached? 

Ans. Where the pole pieces are simply extensions of 
cores without enlargement, the coils can be slipped over 
ends, but some kind of clamping device is necessary to 
them in place, as for instance, the method shown in fig. 

In case the pnlc piece be made larger than the core and aepantte ' 
from, it is put into position after the coils are in place, thna Kn 
double puzpox of pole ^" — ^ ' 




FIELD MAGNETS 



es. Describe the coil conaectlooB. 

Coils are generally united in scries so that the 
magnetizing current may flow through all of them. The 
should be so connected that they produce alternate 
and smith poles. 

If all the coils be sitnilarly wound with respect to the tcrrmnals, and 
milarly pUced; that is. so placed that the winding, considered from the 
^ terminal nearest the t>o[e face, starts in all the coils in the Eamc 
irection, then the connections will come at the north end and at the 
xiUi end of tfae qmola. 




Bting. — The heat generated in the magnetizing coils 
sipated in three ways; by: 

Induction ; 
Radiation; 
Convection. 

the first instance, it passes through the copper and the 
itaofi, either to the external surface, whence it passes off 
( and convection into the air, or to \.\iB ■ma.'j.'Cia'^. 
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core and yoke, which in turn conduct it away. In largt 
polar machines the masses of metal in the pole cores an< 
are more efficient in dissipating heat than the external 
of the coil. 




G. Z4fl. — Port Wayne compound wonnd rectangular ventllBtsd wxit fial 
and ahunC mill are iround aide by aide, ventilatlog ptMOgt* bdne pi 
through each coil and bctweea the ehunt and sciiea cfHla aa ahown. 



Ventilation. — Sometimes provision is made for ver 
of the field magnet coils as shown in fig. 246. Here tl 
and shunt coils are wound side by side, ample ventilatic 
provided lengthwise through and between the coils. 
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CHAPTER XVII 



THE ARMATURE 



The armature of a dynamo consists of coils of insulated 

wound around an iron core, and so arranged that electric 

currents are induced in the wire when the armature is rotated 

in a magnetic field or the field magnets rotated and armatxu'e 

held stationary. 

The commutator is in fact a part of the armature, but is of sufficient 
importance to be considered in a separate chapter. 

Ques. What are the practical objections to the ele- 
mentary armature, described in fig. 165? 

Ans. It induces a very feeble current, which is not of con- 
stant pressiu'e, but pulsating; that is, it consists of two pro- 
nounced impulses in each revolution as shown in fig. 168. 

Ques. Why does the elementary armature produce a 
pulsating current? 

Ans. The pulsations are due to the coil moving alternately 
into, and out of, the positions of best and least action in the 
magnetic field. 

Ques. How is a continuous current, or one of uniform 
pressure obtained? 

. Ans. K an additional coil be added to the elementary arma- 
ture, at right angles to the existing coil, ai\d Vt^ ^.tAs* ^viivV'aick^ 
eaaiAted to a four part commutator, as m fi?,. \%^. ^^ ^'^^^^'^ 
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one coil is in the position of best action, while the other is 
the position of least action, the pulsations of the resulting 
current will be of less magnitude. By increasing the coils 
and suitably altering the construction of the commutator to 
accommodate the ends of these coils, the resultant current maj 




be represented by practically a straight line, indicating the 
so called coutimtons cuTrent, instead of the wavy resultant 
curve No. 6, as illustrated in fig. 187. 



.... s for practical use lias a. large number of coils, 

arranged upon an iron core, so i\\a.i, ii V.w^fc -^To^rtvaa o£ Li 
always actively cutting t\ie lines ol iotcc, o^ tcvoNmiiiiwi 'ijt 
cf best action in the ni^neUc &e\d. 




lypca (rf Armature. — ^Although there are many forms of 

imBtore, all may be divided into three classes, according to the 

of the coils or winding on the core, as: 



1. Ring annatures; 

2. Drum armatures; 

3. Disc armatures. 

Each of these forms of armature has its own ^>ecial advantages for 
particular purposes, the disc type being least in favor and not naving 
bad any extensive application in this country. 




;t«l toftether. Th* 

u (bown at « 



windinti ol 
h Brefiud 



Qnet. What U the compariBon between ring and drum 
Utitres? 

^t& The dmm armatiu^ is electrically and mechanically 
more efficient, possessing, as it does, pQSSAbUi^\«& vo. ^^ce. 
/ «f better taecbanical (instruction oi ti:w ooce« «A&.m ^Ocd^ 




arrangement and fixing of the inductors thereon not to be 
found in the ring form. Less wire and magnetizing current 
are required for the field magnets for a given output than with 
the ring armature. Drum mnding is not so simple as ring 
winding, and it is more difficult to ventilate a drum than a rinf 
armature, it being necessary to provide special ventilating 
ducts. 




t in Ihe inner ndiiet of tbe intc iroiTcare rings, tc 
lined tKlween the core nnil the shaft. TTie n 



is made of ■ iw , 
HthelnlBiorcf tlw 
re of No. 9 Ruibnl | 
uice, from bmdi to 

amunutalor ban. 



Ques. Describe a ring armature. 

Ans. It consists essentially of an iron ring, around which 
is wound a number of coils. These various coils are wound 
on scparatel}', the wire being carried over the outside of the 
ring, then through the center opening and again around the out- 
side, this operation being repeated until the winding for that 
individual section is completed. The adjacent coil is then 
wound in the same way, the ei\4& ol e.^i^'tiem^Vs'cw.^b.t out 
to the commutator side ol the artna.'W.Te, XW im».-DsyeK«s&. 4- 
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e coils on the ring and connections with the commutator 

ing shown in fig. 247, examples of actual construction being 

nrn in figs. 248 and 249. 

Ones. Ftn- what conditions of operation Is ttie ring 

nature qiecially adapted, and why? 

\o&. It is well suited to the generation of small currents 

high voltage, as for series arc lighting, because the numerous 

s can be very well insulated. 




Ooea. Why does a ring armature require more copper 
die winding than a drum armature? 

ins. For the reason that those inductors which lie on the 
Kr ride of the iron ring, being screened from practically 
the lines of force, as shown in fig. 250, do not ^nerate anv 
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Numerous attempts have been made to utilixe this part of the wiw 
by making the pole pieces extend around the ring in such a. mai 
that Unes of force will pass to the inside of the ring, also by arrani 
an additional pole piece on the inside of the armatu'^, but mechai 
considerations have shown these methods to be impractical. 

Ques. Is any portion of the winding of a Inim am 
ture inactive? 

Ans. Yes; the end connectors do not generate any cum 




Ques. Wliat Is the chief advantage of the drum ani 
ature? 

Ans. It reduces considetaViVv One \a.T?)i ^-canMsA -af da 
mre necessary with the ring X^pe. 
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Ones. How Is this accomplished? 

\ns. By winding the wire entirely on the outer surface of 
^Under or drum, as it is called, as shown in fig. 251, thus 
ae of the wire is screened by the metal o£ the core. 




fintto tliC commutator, it will ho tnunrt that the rettangulcr turns of the 

wire form a closed circuit, and are elfclrically in si'rit's with one another 

in Uw order of the numbers niarkfd on them. 
With respect to the conneclionK In the four segments w, x, y, s, of 

«( tbe commutator it will be found that at two of these, x and y, the 
fRMores in the windings are l)oth flirected from, or btilh directed 
tmari the junction with the c<innccting wire. At the other two seg- 
■mtoiianaw, one prc^'^urc is toward the junction a.nd^.'npnOciwSw^iAeA 
tan iL If, therefore, the bntshcs be placed on x and 5 tVn-'-j vjiX siW-l 
^TOrf to aa external circuit, s and w, for the moment bdnfe \3iB ■er*- 
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Disc Armatures. — The inductors of a disc armature move 
in a plane, perpendicular to the direction of the lines of force, 
about an axis parallel to them as shown in fig. 253. The mun 
difficulty with this type has been in constructing it so that it 
will be strong and capable of resisting wear and tear. It was 
introduced in an effort to avoid the losses due to eddy currents 
and hysteresis present in the other types of armature. 




1 maeneti. » unond it 
r. and viei ttntTla Ht 



In eMh ogA. wtiui It is In i .. . . . 

Mat.KS. Ittluibni!ih«hi!ih.-[!»iu<l.i(h'.rl 
■miuute will be divUlcJ inlu two l.ranrhinK:^ 



t (if the nntiirc of the cunstniftinn of a disc armaturt, H 
is ni'cessa.ry that thu oiils sudjcct lo iniluction occupy as small a MH* 
as possible in the din-ctiiHi <,l ihiir axL's. 'I'his requirement, as wnlU 
the connection of Ihe inrtuclnts \;«\\ tAA lAWt Opivd with the commutator, 
prevented the general a^lop^.ilmlAv^\\s^'^IV^tAMma.^.■alt, 
expeneiice failed to justiiy the «x\s\jent» ut vNviVj^fc, 
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CHAPTER XVIII 



ARMATURE WINDINGS 



'o connect up rightly the inductors on an armature so as 
jroduce a desired result is a simple matter in the case of ring 
ding, for bipolar or multipolar machines. It is a less easy 
tter in the case of dnmi winding, especially for multipolar 
chines. Often there are several different ways of arriving 
the same result, and the fact that methods which are elec- 
»lly equivalent may be geometrically and mechanically 
Eerent makes it desirable to have a systematic method of 
ating the subject. 

The elementary arrangement of drum and disc armatures 
s already been considered, which is sufficient explanation 
r small armattu'e coils of only a few turns of wire, but in the case 

larger machines which require many coils, further treatment 

the subject is necessary. 

For example, in order to direct the winder how to make the connections 
for, say a four pole machine having 100 bars spaced around its armature, 
8ome plain method of representing all the connections so that they may 
be eaaly understood is necessary. From this the workman finds out 
whether he is to connect the front* end of bar No. 1 across to 50 or 
across a quarter of the circumference to 24, or across three quarters of 
it to bar 76. Again, he ascertains to which bar he is to connect the 
hack* end of the bar, and how the bars are to be connected to the 
commutator. 



•W073L — The "front "end means the end at which the commvitalOT \*\ocaL\j«A. K-rcMk?- 
?rZ.y^ **"''"°*"^''^ i-<«artfcd from this end, the oppoale end \»\tv^ VxtfswcL ^ NJB.^ 
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Winding Diagrams and Winding Tables.— In th 

struction of armatures, instructions to winders are gi 
the form of diagrams and tables. In the tables the 
F and B stand for front and back, meaning toward tb 
end, and /rom the front end, respectively. The letters 
D stand for up and dotvn. 




There are three kinds of winding diagram: 

1. End view diagram ; 

2. Radial diagram ; 

3. Developed diagram. 



The end view is simply a view showing the arrang^matt 
amiature inductors and connections looking from the fi 
comwutatoT end, such as sYio'wq. vq.%.^.'2A. 
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In the radial diagram tbe inducrtors of the armature are 
qvesented bv short radial Hnes, while the end cxnmectors 
K represented bv cnrves or zigzags, those at one end of the 
Nsmre being draw within, those at the other end. vithout 
^ drcmnfeieiioe oi the armature. With the radial diagram 
I is easier to iaUo-K the circuits and to distinguish the back 
Id &Dnt piu^ ot the winding. 

Hie developed diagram is a mode of representation, originally 
■Bested by Fritsche of Berlin, in which the armature winding 




[Con^dered as though the entire structure had been developed 
ptotA flat surface, lliis is best explained bv aid of figs. 255 
U256. 

If in fig. 255, which irsmects as i:r:i:-sx core aad a f':r^ pc3e 5e3i, 
wires a and c be placed panLi': w :he axis of •.'-,« s,Tr-.a'.-.i«: '.'.- rt^.ti g e:: ; 
two of the annature inducvjre, t^i sovri aj'.=^ iht air gap sj«ce di'Mt- 
wac past the S poles, they «i!3 --z: ^jiirx-.x lir.ef iri^-jcis* ejtc'.T':oct;Te 
forces in the directions iEd!ca*.*c. To afjes;;.: to sr.-.w a 'taift eraaber 
of inductors in b diswiog c4 itis Id^d wv£i \/t unstcIHgibJe. Accced- 
>D^r. tbe observer ia considered « beir^i planed at tbe center of tiie 
muture, and tbe ptutotaaa -A the f'.;sr poiCS soittraa&Qt V"^ %n 
tetfc«in/0(rt Jif <r "*veJc5»d" ac in fig. 2M. ,^ 
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Tlie faces of the N and S poles are shaded obliquely for di 
By choosing the proper directions for these obhque lines, a 
paper having a narrow slit to represent the wire may be ' 
the drawing of the pole and when moved, as indicated by tl 
arrows to we ri|;ht, the slit in i^ssing over the oblique lines i 
an apparent motion in the direction in which the current in rea! 
to flow. It is easily remembered which way the oblique U 
slope, for those on tiie N pole slope parallel to the oblique pi 
letter N. 

Lap Winding and Wave Winding. — In winding an 
there are two distinct methods employed, known resp( 
as lap and wave winding. The distinction arises in the fc 




FtG. ZM— Developed vit 



manner: Since the inductors, in passing a north pole g 
electromotive forces in one direction, and in passing i 
pole generate electromotive forces in the opposite di 
it is evident that an inductor in one of these groups 01 
be connected to one in nearly a corresponding position 
other group, so that the cturent may flow down one and 
other in agreement with the directions of the electrc 
forces. The order followed in making these connectiM 
rise to lap and wave 'wm<3^%s. 




Qoee. What Is lap winding? 

Ans, One in which the ends of the coils come back to adjacent 
stgments of the commutalor; the coils of such a winding lap over 
tack other. 

Ques. What Is a wave winding? 

Ans. One in which the coil ends diverge and go to segments 
widtly separated, the winding to a certain extent resembling a 




Angular Pitch or Spread of Drum Coils.— Bcrorc taking 
up the winding as a whole, the form of the individual coil should 
be considered. Fig. 260 shows an end view of one coil in posi- 
tion on a drum armature of a multipolar machine. The two 
slots X and Y contain the sides o£ Ihc coW a.'cvii 'Oci*i ^viX^-wiR. 
between them on the surface of the dnim is caWtA. 'Oaa tnrv^-wXtw 
jfi*!* (w s/>r^ad c/ the coil. ThcoreticaWy \.Wia ^ tojiai. '^'^ '^ 
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P>tA of the poles, represented by the angle M, which is the 
"lis between the pole centres. 

For instance, on a four pole machine the pitch would be 90", on a. ax 
pole machine, 60°, etc Usually the angular pitch of the coil is made 
put a little less than the pole pitch of the machine, in order to shorten 
ft( cad Goooections of the coils from slot to slot. However, if the angular 
l«t(tUmade too small trouble will be encountered in commulatioo. 

Is tdditioii to the angular pitch there is the coiUMUlator pitch which 
"dMw to the distance around the commutator bridged by the ends of 
'^^ Thus, if the commutator segments were numbered consecu- 
lirty 1, 2. 3, etc.. and the commvUUor pilch say is 10, it would ^gnify 
tlut one end of the coil was connected to segment 1 and the other end 
■"SEpnent 11; the ends of the next coil in order then would be connected 
■os^ments 2 and 12, in each case there would be ten segments be- 
•"Wa the two segments connecting with the coil ends. 




^™>Ilel or Lap Drum Winding.— In order to avoid much 

y nsiially experienced by students of drum winding, 

should construct for himself a wooden armature 

"POn which he can wind strinps of various colors, or wires 

inctive insulation, to represent the numerous coils 

**nsed on real armatures. A few windings attempted in 

' **y win make clear many points that cannot be ea casi-Vj 

W &Rn) a written description, 



■Jihedifflcui 
■Ftcginner 
ipiponwl 
■•"lb disiinp, 
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The type of dram core best adapted for this work is the slotted 
variety as shown in fig. 258, as it will facilitate the winding. 
The core as shown in the illustration has twelve slots and six 
commutator segments, the number of each required for the 
example of lap winding indicated in the winding table fig. 259. 

In maldngthe wooden core, the slots maybe formed by nailing & serin 
of thin strips around a. cylindrical piece of wood, thus avoiding the 
trouble of cutting grooves. In the illustrations the commutator segtiKatS 
are shortened (leaving no room for brushes) in order to show the coo- 
is clearly as possible. 




C' 2<tl.— Ilfvt1up.ll ni'w nf n tvpir^ lap winiliii||. Prum the Roun 
•A Iho Miniiunj «ii:h induirt.rf in iinlwd M one five places Yurtl 
tu S. He., anil ut the fninl nul nt thv viiuIinK. aim having ma 



Ques. Describe the simple lap winding fig. 259. 

Ans. y\,s- ^'i\-cn in the l,'J.lil<\ it consists of six loops of wire 
presenting t^vel\-e induclor?; ou Ocvc c>j\wi&cv:aii ^-aAaoa. <rf the 
f^oro or drum. In the tabVe, sivx. 'ww'^ ^^^ ^w3Wl, \a«o^ 
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disttnctive and varied insulation so as to readily distinguish the 
different coils. Opposite these are letters and figures designating 
the path and connections of each coil. 

Ques. What is the path of the first coil? 
Ans. According to the table it is: 
A— 1— 6— B 




Pig. 282.— SIttleton view of 



in portion the fittt ti 



tliat is, one end of the wire is connected to commutator segment 
A (fig. 262) and then woimd to the back of the drum through 
slot 1, across the back of the drum to slot 6, returning through 
this slot, and then connected with commutator segment B. 

Ques. Describe the path of the second coil. 

Ans. The second coil, having the block iY\s\jia.^AC«v. Ss ■^cm5i&. 
to the table, m the order: 
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B— 3— 8— C 
that is, begjtmitig at segment B, thence to h!>ck of drum throng 
slot 3, across the back to slot 8, retummg througu thu slot and 
ending at segment C. 




Pio. 283.— View of completed winding 



ndicsted in the table fig. 2S0. Tbiu theiMthoftk 
j-B which means thatttiecoilbeaiiuat •csnieDt A< 
ocecda through tfa« slot to the buck c^ thit i^nn 
jRh the fiCot and ending at aeameat B. The otlM 
.cated in the tabic. 



Ques. How are the remaining coils wound on the 
drum? 

Ans. Each o£ the succeeding coils are wound as indicated 
in the table, the last connection 'bem?, m^aAa ^/^ ^ftSEjuant A, the 
one from which the win<^n£ started- 
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Ques. What is the general form of the completed 
winding? 

Ans. It may be considered simply as a wire wound spirally 
around the drum, with loops brought down to the commutator 
segments, and ending at the segment from which the start was 
made. 

The completed winding as indicated by the table is shown in fig. 203. 
Here the path of each coil is easily distinguished by means of the varied 
insulations although in part hidden by the dnmi. Fig. 264 shows a 
developed view of the wmding. 




Pig. 264. — Developed view of the wmding shown in perspective in fig. 263. 



Ques. What condition must obtain in winding an even 
number of coils? 

Ans. The wire must not be wound around the drum to 
diametrically opposite positions, as for instance 1 to 7 in fig. 265. 

Ques. Why is this? 

Ans. The reason will be clearly seen by attempting the 
winding on the wooden core. A winding of this kind on the 
drum fig. 258, would proceed as follows: 

A— 1— 7— B 
B— 3— 9— C 
C— 5— 11— D 
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In order now to continue winding in a regular way, the wire 
from segment d should pass to the rear of the armature along 
space 7, but this space is already occupied by the return of the 
first coil. Continuing the winding from this point, it would be 
necessary to carry the wire from segment ti to 6 or 8, resulting i» 
an unbalanced winding. 




Ques. How is a symmetrical winding obtained havliil 
an even number of coils? 

Ans. The inductors, in passing from the front to the rear 
of the armature, fig. 2C3. must occupy positions 1, 3, 5, 7, 9, 11. 
and the even numbered pasitions will then serve as the returns 

for these wires. 



In the example hexc f.\w»;t\ ^Vverc a.^e ^i, i3:flU, comgi 
inductors and six commulaHiT ^se^mow'ss-, \\.^t«ii&\«,i-' 
(Jwt if there wore an uroivcn. mtitoer cS. csCis., ■Cot ■ 



insing tudW 
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could be made directljr across a diameter as shown in fig. 265, which 
would give a symmetncal winding. 

With ten slots as shown in the figure, the drum would be wound, for 
A bipolar machine, according to the following table: 




Ques. Are coils such as shown in figs. 263 and 265 
Hied In practice? 

Ans. No, for practical use each coil would consist of several 
turns, the diagram then merely indicates the end connections 
tod slots for the several turns of each coil. 



Scries or Wave Drum Winding.— In this moda ot ^^4vi\^, 
the inductcav are arranged around the armatvLie so VVi'aX x^is.'^ ^"^ 
tot turn back, thus describing a zigzag or -luo-ue-Ufeii ■>?a.'C^\ "Owa-^ 
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is, the coil ends instead of connecting with adjacent 
of the connnutator, are attached to segments more or les 

Ques. Describe the circuits of a simple or simp 
winding. 

Ans. Only two sets of brushes are required for such a 
but as many brushes as there are poles can be used. 




Ques. For what service are wave windings a 

Ans. They are generally used on armatures des 
furnish a current of high voltage and low amperage. 

An example of wave drum winding for a four pole machin 
in fig. 267. For simplicity, very few coils are taken, there 
five as shown in the i] lustration. To make the winding, one s 
be removed from the wooden core and the others spaced eqiu 
the cylindrical surface. This nill give ten slots, the numtx 
for the five coils. The wm&nj'tt«»SM»XM.\a"iafc~ 
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A — 1 
B— 3 
C — 6 
D — 7 
E— 9 



4 
6 
8 
10 
2 



C 
D 
£ 
A 
B 



Accordingly the first coil starting at segment A, is carried to the back 
of the drum uirough slot 1, thence across the back and returning through 
slot 4, ending at segment C the starting point of the second coil. Each 
coil is wouna on in similar manner, the last coil ending at segment A, 
the starting point of the first coil. A developed view of the winding is 
shown in fig. 268. 

Double Windings. — In the various drum windings thus 
considered, each coil had its individual slots, that is, no 
occupied the same two slots. This arrangement gave twice 
number of slots as commutator segments. 



^/// /. 



''///A A 



m% 



/////■^A 



8 



Pig. 288. — Developed view of the five coil wave winding shown in fig. 267. 

In a double winding there are as many segments as slots, 
of the latter containing two inductors, comprising part of 
coils. 

The Siemens Winding. — In winding drum armatures for 
lar d)mamos of two horse power or less, and especially for very 
all machines as used in fan or sewing machine motors, a 
tn of winding, known as the Siemens winding, which is shown 
6g. 271, is largely used. It consists in dividm?, \Jcvfc ^x^-a.ofc 

if the armature core in one equal nximber ot s\ots», s^.^ \^> ^^^ 

^iag a 16 part commutator. 



In the Siemens winding, the end of the wire used at the st 
to be connected to the first commutator bar, but must be fastened tD 
the armature core out of the way so as not to interfere with the wiiidii]| 
of the coils. 

If eight turns of wire be required to fill a slot with one layer, then Um 
wire is carried from front to back and bent aside so as to clear the ihifti 
after passing across the back or pulley end of the armature, it is ' 
in the diametrically opposite section and brought to the front, tbn 
' and up dose to the beginning of the cdL 



Fig. 209.— Sen 




pall machine. The sA 



Since eight turns are to be used, the process of winding is continiwJ 
until the section is full and the end of the coil will lie in a position mif 
to begin the next section. Sometimes the wire is cut at this part of ll« 
coil leaving 3 or 4 inches projecting for connecting to ihe commutatw 
bar 2, or next to the first bar where the winding was started. 

The usual practice is, however, to make a loop of the wire of suffidenl 
length to make the connection to the commutator and it has the advan- 
tage that since all of the coils on the armature are joined in series; tilt 
ending of one coil is joined to the beginning of the next wliich avuils 
making mistakes in making the commutator connections. 

//tJiuendsbecut tlicvsViovi\A\:ieTti5rtVRi.V"ueieitt(vwi^" and "end" to»W 
frouhk; because if thcv Ret mixcA, v\,Vi\\\icT>ii'3jaarj ^*l\»ft.^«&.^* 

produced and'find which is Xiie\»©Qiaai':*-'^«*^«^^'«^*"*- 
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With 32 euds of the wire projecting from the end of the armBture, it is 
caofasiag and mistakes are often made in the connections, so that one 
or moie ccdls may oppose each other which would reduce the volta^. 

After the surface of the armature is covered with one layer it n-ill be 
Doticed that the number of leads from the coils to the commutator bara 
is (mly one-half the iiumber of bars and that they lie on one-half of the 
umatuie. 

In order to complete the winding the first layer should be insulated 
juid the second layer wound on. The beginning of the new coil will be 
diiKtly over the first coil put on, but the beginning of the new coil will 
be diametrically opposite ^e beginning of the first coil wound. 

The winding is now continued section by section and as each coil is 
finished a loop or pair of leads is left to connect to each bar. When the 




80— Dtveloped view of the 

last coil is wound, its end will be found lying n 

ttarting and should be joined to it and finally connected ti 

ooe where the start was made. 

With the winding and commutator connwted, all of the coils are in 
Kliw and the beginning of the first coil joins the end of the last coil. 

If a pair of brushes be now placed on the commutator at opposite 
pciots the current will flow into tht; bar and then divide bctn-een the 
tm> leads connected to it, half of the current flowing around one side and 
tie other half flowing around the other half of the armature or in other 
■Mds, the two halves of the armature are joined in parallel. 



Dun. What is the objection to the Siemens winding 
ttdcKribed? 

im. It produces an unsightly head wViere \.\ift "wa«s v»s& 
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around the shaft and requires considerable skill to make it 
appear workmanlike. 

Ques. How may this be avoided? 

Ans, By using the chord windings of Frochlich or Breguet, 
which are improvements over the Siemens in appearance and 
are more ca-iily earned out 



UNSAT IS FACTORY PITCI 




Chord Winding. — In casts where the front and back pitchra 
arc so taken that the average pitch differs considerably from th* ' 
value obiaiiied by dividing the number of inductors by the 
number of poles, the arrangement is called a chord winding. 

In this method each coil is laid on the drum so as to co\'er an 
are of the armature surface nearly equal to the angular pitch 
of ihe pijlcs; it is sometimes called short pitch winding. 



.in fig. 267, the pitA i* 3j '^' 
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Ques. What Is the difference between the Siemens 
winding and the chord winding? 

Ans. This is illtistrated in fig. 271, which shows one end of 
an armature. In the Siemens winding, a wire starting, say at A, 
crosses the head and enters the slot marked B. If it enter slot 
C it is a chord winding. 

Ques. Describe a chord winding. 

Ans. The winding is started in the same manner as described 
in the Siemens method, only instead of crossing the head and 
returning in the section diametrically opposite, the section A C, 
fig. 271, next to it is used for the return of the wire to the front 
end. Leads for connecting to the commutator are left at the 
beginning and end of each section as before stated and the 
only difference between the two methods will be noticed when 
the first layer is nearly complete in that two sections lying next 
to each other have no wire in them. This will cause the winder 
to think he has made a mistake, but by continuing the winding 
and filling in these blank spaces in regular order when the two 
layers are completed, all the sections will be filled with an equal 
number of turns and there will be the required number of leads 
from the coils to connect up to the commutator bars. 



Ques. How many paths in the chord winding just 
described? 

Ans. Two. 



Multiplex Windings. — An armature may be wound with two 
^^ more independent sets of coils. Instead of independent 
Commutators for the several windings, they are combined into 
^>ne having two or more sets of scjj;mcnts iwVvixpV^eoiAu ^\o\ssv^ 
*& circumference. Thus, in the case ot two Vvcv^vwi.^^ *^^ 
*nBa* comes in contact aiternately wit\i segKvexvX,^ ol e^^io. ^^^ 
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The brush then must be large enough to overlap at le 
segments, so as to collect current from both windii^ 
taneously. Both windings then are always in the cii 
parallel. 
Ques. What is the effect of a multiplex wlndli 
Ans. It reduces the tendency to sparking, becau 
half of the current is commutated at a time, and also 
adjacent commutator bars belong to different windingE 




Pic 272.— Aptogre _ _ _, 

that ID traiini IHt course aj Oil miuUni ikrvuih 

b€ frofanTi. The fiaurc shoira three mil* <rf « winding 
definilion. lh= r— ■— -' --^'- '-- -~ ' ■-- 



is proffTeasive. Pig. 272 is given simply to illuiti 



if the winding be pr 

I1-I4-B. The •econd < 
'hich the windiui benn 



Ques. Does an accident to one winding disal 
tnacbinef 

Ans. No, it simply reduces \\,s ^sxnwsA (awjMitaj. 
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QiMt. Can muldplez windings have more than two 
vbdingB? 

Ans. Yes, there may be three or four windings. 

puet. What Is the objection to Increasing the number 
rf windings? 

Ans. It involves an increased number of inductors and 






If tht piUha bi svcli that in Iraiing tkt m 


iVort 01 many loili « Uitre are (kT 






is jiiiJ la br rWoitrtsiKr. The number o( an 


a>>d«iitwa. ufollowi: A-l-*-D 


ind D-7-10-G. TheaecondcoilendjalG. hence, 


Ik Ksiuol A where the nan WM ITU 









temutator segments, which is undesirable in small machines, 
U for large ones might be allowable. 



Ones. What loss Is reduced with multiplex windings? 

Ans. In these windings, the division of what otherwise 
Wild be very stout inductors into several sma^V^ owsa, '"oaa 
|p«fiw£ {^reducing eddy current loss. 
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Ques. For what service are machines with multiples 
windings specially adapted? 

Ans. Multiplex windings are used in machines intended to 
supply large currents at low voltages, such as is required in. 
electrolytic work. 



Number of Brushes Required. — The number of places on 
the commutator at which it is necessary or advisable to place a 
set of collecting brushes can be ascertained from the winding 
diagrams. All that is necessary is to draw arrows marking the 
' directions of the induced electromotive forces. Wherever two 
arrow heads meet at any segment of the commutator, a positive 
brush is to be placed, and at every point from which two arrows 
start in opposed directions along the winding, a negative bnish 
should be placed. 

Ques. How many brushes are required for lap windings 
and ordinary parallel ring windings? 

Ans. There will be as many brushes as poles, and they will 
be situated symmetrically around the commutator in regular 
order and at angular distances apart equal to the pole pitch. 

It should be noted that the number of brush sets does not necessarily 
show the number of circuits through the armature. 

Ques. How many brushes are required for wave wind- 
ings? 

Ans. If arrows be drawn marking the direction of the induced 

c/cctromoiivc forces to de\.cn\v\\\vi AAvi \\u\\vber of brushes, it will 

be found ilmi only two bms^v^s* ^to; to-c^vc^es. \»t ^xc^ wnsssSo^ 

of poles. 
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Ones. What is the angle between these two brushes? 

Ans. It is the same as the angle between any north and 

touth pole. 



Fofii 



J60 + 10 - 36° 
3 X 36° = lOS" 
6 X 36° = 180" 




174, which ihowi _, _ 

tn K ■ lotiat be cooaKied by 
cdhedcKendiiicinductoniui 



'npectively of turns which 
fig. 274. in pauing HTound 

Jcd spiral. In Ag. 

ing point, in going 

:rc It i9 I^ to b, thui maldug one 



Sometimes with lap winding it is desirable to reduce the 
■amber of brushes. In fig. 276, is shown the distribution of 
Qtrrents in a four pole lap wound machine having four brushes 
*nd generating 120 amperes. In each of the four circuits the 
ton is 30 amperes, and the current delivered to each brush is 
W amperes. If now two of the brushes be removed, tl\a iMTLea-t 
Vanut^ each of the reniaining two will be V^ aimp^^fi., ■^'tiiiBi 
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Equalizer Rlt^s. — These are rings resembling a ser 
hoops provided in a parallel wound armature to eliminat 
eflFects of "unbalancing," by which the current divides unec 
among the several paths through the armature. By mei 
leads, equalizer rings connect points of equal potential i 
winding and so preserve an equalization of current. 




Um dynamo boilt Vf the Cenent Blecbk O 



Ques. In multipolar machines what points are 
nected by equalizer rings? 

Ans. Any two or more points in the winding, that d 
the rotation, are at nearly eqiisi ■po^jec-'^a^- 
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If there were perfect symmetry in the field system, no currents would 
flow along such connectors; however, owing to imperfect symmetry, 
the induction in the various sections of the winding may be unequal and 
the currents not equally distributed. 



Dram Winding Requirements. — ^There are several con- 
that must be satisfied by a closed coil drum winding: 
1. There cannot be an odd ntunber of inductors; 

An odd number of inductors would be equivalent to not having a* 
whole number of coils. The even numbered inductors may be regarded 
AS the returns for the odd numbered inductors. 

i Both the front and back pitches must be odd in simplex 
windings. 

J. The average pitch should be approximately equal to the 
number ct inductors divided by the number of poles. 

This condition must obtain in order that the electric preF;suro<> 
induced in inductors moving simultaneously under poles of opposite 
sign, win be added. The smallest pitch meeting this condition would 
stretch completely across a pole face, while the largest would stretch 
from the given pole tip to the next pole tip of like |x)larity. 

he choice of front and back pitch for a p:iven number of 
inductors should, with lap and wave windings in general, 
comply with the following conditions : 

All the coils composing the winding must be similar, both 
mechanically and electrically, and must be arranged 
symmetrically upon the armature. 

Each inductor of a simplex winding must be encountered 
once only, and the winding must be re-entrant. 

. Each simplex winding composing a multiplex winding 
must fulfill the reqtiiremcnt for a simplex winding. 

• A singly re-entrant multiplex winding must ^.'^ ^ ^\:^^^ 
satisfy the requirement for a simplex muditL^ 
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In addition to the above requirements for lap and wave win 
ings in general, lap windings must comply with the followis 
conditions: 

1. The front and back pitches must be opposite in sign; 

2. The front and back pitches must be unequal; 

If they be equal, the coil would be short circuited upon itself. 

3. The front and back pitches must diflfer by two; 

4. In multiplex windings, the front and back pitches 

differ by two multiplied by the ntmiber of indej 
simplex windings composing the multiplex winding; 

5. The ntmiber of slots on a slotted armature may be 

or odd; 

6. The number of inductors must be an even number; it 

be a multiple of the number of slots; 

In the case of wave windings the several conditions to 
fulfilled may be stated as follows: 

1. The front and back pitches must be alike in sign; 

2. The front and back pitches may be equal or they SOI 

differ by any multiple of two. I 

They are usually made nearly equal to the number of inductori difH 
by the number of poles. j 



\ 
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CHAPTER XIX 

THEORY OF THE ARMATURE 



CSnrrent Distribution in Ring and Drum Armatures. — 

studying the actions and reactions which take place in the 
nature, the student should be able to determine the direc- 
BS of the induced currents. The basic principles of electro- 
gnetic induction were given in chapter X, from which, for 
fcance, the distribution of current in th^ gramme ring 
nature, shown in fig. 279, is easily determined by the applica- 
a of Fleming's rule. 

Tracing the current from the negative to the positive brush, it will 
be seen that it divides, half going through coils 1, 2, 3, and half through 
coils I, II, III, these two currents ascend to the top of the ring, uniting 
at the positive brush. 

[yoes. In the Granmie ring armature (fig. 279) what 
tiie distribution of armature currents? 

bos. There are two paths in parallel as indicated in fig. 279. 

Ones. How does tlie voltage vary in the coils? 

Ass. It varies according to the position of the coils, being 
kst when vertical and greatest when horizontal in a two pole 
idune arranged as in fig. 279. 

The upper and lower coils in the right hand half of the rin^ armature, 
fig. 279, wiU have about the same electromotive foroe induced m them, say 
2 volts each, whDe the two coils between them wiUhave aV^^gc^s^ ^^»:^.to 
jBotfpeibmv ^ tbe same iostaot, say 4 volta eac^ «a» ^Q^ ovsovi 
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nearly the positions of the maximuni rate of change of the magi 
liocs threading through them. These eight coils may be represe: 
by two batteries connected in paiallel, each battery consisting of V 
volts cells and two 4 volt cells as shown ia fig. 280. The vtdtage of i 
batteiy then will be 

+ 4 + 4 + 2 = 12 volta 







\'3.\dh. 



f, fid. ail. ■• 



M*t?ttoi*i* tMiwai.'.'* »«iii \B -^fc « 



e. TtH<^ 
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The two batteries being connected in parallel, the voltage at the 
terminals will be the same, but the current will be the siun of the cur- 
rents in each battery. 

Ques. How may the number of i>ath8 In parallel be 
tcreased? 

Ans. By increasing the number of poles. 

For instance, in a four pole machine, as in fig. 283, there are four 
paths in parallel. In this case the armature may be used to furnish 
two separate currents, though this is not desirable. 




. 281. — Diagram showing distribution of current in the gramme ring armature of fig. 270. 
The current flows in two parallel paths as indicated. 




wiih 
ma 



DUignun abowiag current distribution through anualutc ol a Iomt v^V tcv^^W*. 

■"'SS^SS^ff/^' V"^^ ^'•e f""*- paths in paraWeX, Yvetvce xXve ^J^^^^^^'^J^^ 
^ oioam mt of coUa, and the current \vill be Iomc ximft^xXiaX^o^rftoa^^'^^'' 
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Ques. How are the brushes connected? 

Ans. Usually all the positive brushes are connected together, 
and all the negative brushes as in fig. 283, giving four pathi 
in parallel through the armature as indicated in &g. 282. 




Ques. How does this method of brush connectlM 
afifect the voltage? 

Ans. The voltage at the terminals is equal to that of any 
of the sets of coils between one positive brush and the adjacent \ 
negative brush. 

Thus in the four pole machine, fig. 233, the coils of the four qiudnoti 
arc in four parallels, which gives an internal resistance eqiud to oct- 
sixteenth that of the lOtaV TC^i^smce ol iba entire ring;, 

Whon the coils are cotiuecT^A \n t'NQ t\ti^\a ot itiwa 'vmkJ^ '* 
requires only two brushes at t-so '^^^™ y^^L^t!^ ^^ 
for any number of poles; tti\aaM8aSP««^^ia&«m«.is^^'lifc. 
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Quee. In general what may be said about the current 
paths through an armature? 

Ans. The paths may be in parahel or series parallel according 
is the wind ng is of the lap or wave type. 



VOLT METER 




Pia, 384. — Mordsy'i msthod of mcuurinB the vBTuUon of voltage around the commutitor 
br BH o( ■ ilncls uplorins biuih uvT volt tneUr. It connili in connecting one terminal 
SI the volt meter (prefenbl)' an electroitatic one) to one brush of Ihf macliine. and the 
other tenniDJi] to the eiplonna bruih, which can be moved from point to point» readings 



Variation of Voltage Around the CorQinutatOT.— "^NsR-te, 

ire numerous ways of determining the va\Me cil X\\a ^^fesKR.^ 
iltage in aa ana&ture at various pdinXs aiousA "Oo* 
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commutator. In the method suggested by Morday, i 
measured by the use of a smgle explonng brush am 
meter as shown in fig 284. 



In this method, one terminal of the volt meter is connec 

of the brushes of the dynamo and the other terminal is joinet 
to a small pilot brush which can be pressed against the c< 
at any desired part of its circiunfereuce With the macbii 
at its rated speed, the explonng brush is placed in successiv 
between the two brushes of the machme In each positioi: 
of the volt meter is taken and the angular position of the 
brush noted 




Ques. How does the voltage vary between «u 
pairs of commutatot se^^ents? 

Ans. The variation, is no\. c£«isSasft» 
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Gross Mi^netizatlon; Field Distortion. — In the opera- 
30 of a dynamo with load, the induced current flowing in the 
nature winding, converts the armature into an electro- 
agnet setting up a field across or at right angles to the field 
: the machine. This cross magnetization of the armature 
nds to distort the field produced by the field magnets, the 
feet being known as armature reaction. To understand the 
Ittire of this reaction it is best to first consider the effect of 
K field current and the armature current separately. 

Fig. 285 represents the magnetic flux through an armature 
t rest, where the field magnets are separately excited. If the 
tmature be rotated clockwise, induced currents will flow 
pfward through the two halves of the winding between the 
rashes, making the lower brush negative and the upper brush 
odtivp 

Ques. If, in fig. 285, the current in the field magnet 
eshut off, and a current be passed tlirough the armature 
itering at the lower brush, what is the effect? 

• 

Ans. The current will di\ade at the lower brush, flowing 
p each side to the top brush. These currents tend to produce 
Qrth and south poles on each half of the core at the points 
tee the current enters and leaves the armature. Hence, 
bere will be two north poles at the top of the ring and two 
DOth poles at the bottom. 

Qoes. What effect is produced by the like poles at the 
sp and bottom, of the ring ? 

^Ans. The external effect will be the same as though there 
icre a single north and south pole situated respectively a;t the 
lop and bottom of the ring. 



> 
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Ques. In the operation of a dynamo, how do the poles 
Induced In the armature affect the magnetic field of the 
machine? 

Ans. They distort the lines of force into an oblique direction 
as shown exaggerated in the diagram fig. 286. 




Ques. What effect has the presence of poles in the 
armature on the operation of the machine? 

Ans. In fiR. 286, the resultant north pole m, m, «, where the 
lines cincFKC from the ring, attracts the south pole, s, s, s, where 
the lints enter the field magnet, hence a load is brought upon 
the engine, which drives the dynamo, in dragging the armature 
around ai^ainst those attractions. The stronger the current 
induced in the armature, fhe gceat^^ ■w^L'tie. 'Ctsa ■^a^«c -owsaMrv 
to turn it. 




Qaes. Why does this reaction In the armature require 
more power to drive the machine? 

Ans. The effect produced by the armature reaction is in 
accordance with Lenz's law which states that: In electro- 
magnetic induction, the direction oj the induced current is such cts 
to oppose the motion producing it. 




Remedies for Field Distortion.^ — Since the distortion o£ 
the magnetic field of a dynamo causes unsatisfactory operation, 
numerous attempts have been made to overcome this defect, 
IS for instance, by: 

1. Experimenting with different forms of pole piece; 

The reluctance of the pole piece should be mcTco.'sed \^\ ^.Va xiatviwi 
where the magnetic Box tends to become most dinx^. TVe W^'Svs.'t 
Aarn of the pole piece may be made long«r than VVvc a4-ja.-n6.\i^"*K.^ 
mad cat&rther from the surface of the armalme, ao as ^a »;o;iAvi» "*«■ 
"*>ij oe the magoetic flux. 
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2. Lengthening the air gap; 

This increases the reluctance, and also necessitates more ampc 
turns in the field winding. The field distortion, however, will o 
be so great, as it would be if the magnetic field of the machine wb 
weaker. 

3. Slotting the pole pieces; 

Both longitudinal gaps and oblique slots have been tried. Tl 
reduction of cross section of the pole piece causes it to becoii 
highly saturated and to offer large reluctance to the cross field. 

4. The use of atixiliary poles. 

These are small poles placed between the main poles and so wool 
and connected that their action opposes that of the cross field. 

Normal Neutral Plane. — This may be defined bs a plm 
passing through the axis of the armature perpendicular to t 
magnetic field of the machine when there is no flow of current i 
the armature, as shown in fig. 288. It is the plane in which tl 
brushes would be placed to prevent sparking when the machii 
is in operation were the field not distorted by armature reactio 
and there were no self-induction in the coils. 

Commutating Plane; Lead of the Brushes. — It has bei 

found that in order to reduce sparking to a minimum, tl 
brushes must be placed in certain positions found by trial ail 
designated as being located in the neutral plane. 

When the brushes are in the neutral plane, they are in cental 
with commutator segments connecting with coils that ai 
cutting the lines of force at the minimum rate. 

Ques. Define the term ^^commutating plane.'* 

Ans. This is a plane passing through the axis of the ansatui 

and through the center o£ contact of the brushes as $ba4 

in £gs. 289 and 300. 1 
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Qaes. What ia the angle of lead? 

Ans. The angle between the normal neutral plane and the 
eommutating plane. 



In the operation of a dynamo since the field, on account of a 
reaction, is twisted around in the direction of rotation, the proper posi- 
tion for the brushes is no longer in the normal neutral plane, but lies 



NQRMAi. NeUTftAL PLANE 




AXIS OP ARMATURE 



ie linea of force of an undliUKtad 



obliquely across, a few degrees in advance. Hence, for sparkleas com- 
mutation, the eommutating plane is a little in advance of the nocrnaL 
neutral plane, the lead beaie measured b; tb& aof^ Xte^-'mea 4m9k 
jikaMt at tuted ia the deSmthn. 



268 HAWKINS ELBCTttlCITY 

Ques. What may be said with respect to the ai 
of lead? 

Ans. For sparkless commuta ion, the angle of lead varies 
the load. 

If the field be much altered at full toad, it is evident that at h. 
quarter load it will not be nearly so much twisted, hence the nee> 
for mounting the brushes on some kind of rocking device whict 



U— NORMAL NEUTRAL PLAr 
i^_£-j- ANGLE OF LEAD 
[TV- COMMUTATING fU 




Fig. 289— DiiiB 






n apuklcB conuimtMka 



allow them to In." shifted in different positions for different loads. . 
sirable T>nint, then, in dynamo design is to moke the angle of la 
full load so small that it will not he necessary to shift Uie bn 
much /or variation of load. Ttvis c»,\i be accomplished by makin 
field magnet field conadeiaU'S mwe v^wcA>i."&iaa"a*»»iiia»»< 
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Demagnetizing Effect of Armature Reaction. — In the 

operation of a dynamo, as previously explained, the position 
of the brushes for sparkless commutation must be varied with 
the load; that is, for light load they should occupy a position 
practically midway between the poles and for a heavy load 
fliey must be moved a few degrees in the direction of rotation. 
ph other words, the commutating plane must be more or less 
ia advance of the normal neutral plane as shown in fig. 289. 



. Ques. Wliat is tlie effect of lead? 

Ans. It produces a demagnetizing effect which tends to 
weaken the field magnets. 



Ques. Describe this demagnetizing effect in detail. 

Ans. Tracing the armature currents, in fig. 289 according 
to Fleming's rule, it will be seen that current in inductors 1 
ito 18 flow from the observer indicated by crosses representing 
jtlie tails of retreating arrows and in inductors 19 to 36, toward 
the observer from the back of armature, indicated by dots repres- 
Biting the points of approaching arrows. In determining 
current directions the inductors to the right of the neutral 
are considered as moving downward, and those to the left 
moving upward. The current in inductors 1 to 15 and 19 
33, tends to cross magnetize the magnetic field of the machine, 
the current in inductors 34 to 36 and 16 to 18 tends to produce 
and south poles as indicated. These poles are in oppo- 
to the field poles and tend to demagnetize them. Hence, 
5 inductors l5ring outside the two upright lines are known as 
ttx magnetizing turns, and those lying inside, as d^vna^giiielm'tv^ 



BAWKINS ELECTRICITY 



The breadth of the belt of demagaetiunE turns included b 
the two upright lines is clearly proportional to the anele of lead; 
fore, the demagnetizing eSect iccraasefi with the lead. 



Eddy Currents; Lamination. — Induced electric cur 
known as eddy currents, occur when a solid metallic m. 
rotated in a magnetic field. They consume considerable e 




^if/l " ° ■ ' 



rsinit currtnts, vhich.taflowioflf 
FoucAuit showH tay experlenent the 



Lc ticuTC, there are a piur of cddiei in the part pAnna bi 



effect of eddy currents, but t\ _, 

hence they Hre incorrectly called Fouc«ult cmTcntt. 



and often occasion harmful rise in temperature. Arm 
cores, pole pieces, and field magnet cores are specially su 
to these currents. 
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F Ones. Describe the formatioa of eddy currents. 

Ans. In fig. 291, a bar inductor is seen just passing from 
T the tip of the pole piece N of the field magnet. Noting 
e distribution of the lines of force, it will be seen that the 
e c <i is in a weaker field than the edge a b, hence, since the 
o edges move with the same velocity, the electromotive force 




1t.»l.— ForiMtion of eddy eimmtilo a •oUd bar inductor. On account of its uppreciBble 
■at. the field is sometimn veaker at one point than another, hence the unequal dectro- 
swtin force* thui pradueed will induce eddy cuirenM. 

educed along c d will be less than that induced along a b. This 
jves rise to whirls or current eddies in the copper bar as 



Oues. What should be noted In seeking a remedy for 
iddy currents? 

Ans. It should be noted that eddy currents are due to 
try small differences of pressure and that the currents are large 
Bfy-Iiecttase of the very low resistance o£ thfiil <3icaji\a. 
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Ques. What Is the best means of reducing eddy cur- 
rents? 

Ans. Lamination. 



Ques. Explain this mode of construction with respect 
to the bar inductor fig. 291. 

Ans. In the case of a large bar inductor such as shown ii 
fig. 291, it could be replaced by a number of small wires soldered 




together only at the ci^ds, TV\c lnvct of dirt or oxide on the 
outside of the wires wiU iur\ns\\wiKvc\e-t\VTe?K'il7i.-w^\.^-?riu;M^^^ 
prevent the eddy currents vas^'^^'v^ ^'^^^^ "^^'^^^ "^ '"^^^ 
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Quee. How should an armature core be laminated 
to avoid eddy currents? 

Ans. It should be laminated at right angles to its axis. 

Fig. 292 shows the induced eddy currents in a solid armature core, 
and fig. 293 shows the manner in which the paths of these currents are 
interrupted and the losses due to their efiect diminished by the use o£ 
laminated cores. 







In fig. 293, only five laminations or plates are indicated, si 
the sub-division of the eddy currents, hut in praoticnl am 
number of laminations or punchings ranges from 40 to 0(1 to an inch, 
and brings the eddy current loss down to abiml owe \wt ci;^\., K ■t^e'^.v 
increase la the number of iarainations per ii\c\v \s ti 



\TB<t™;tJi. . Vii« - 



lefr tbin sheets of iron, and the loss ot spacebcVseftw'Cwsi^"^**- 
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Aimature cores constructed of the number of ptatea stated, and 
forced together by means of screws and heavy hydraulic pressure, «»• 
tain from 80 to 90 per cent, of iron, and have a magnetic flux canyint 
capacity only from 5 to IS percent, less than vhen th^ are madedfaa 
equal volume of solid iron. 



Ma^etic Dr^ <m the Armature. — Whenever a current is 
induced in an armature coil by moving it in the magnetic field so 
as to cut lines of force, the direction of the induced cuiTent is 
such as to oppose the motion producing it. Hence, in the 




Fig. 294.— Ci 



operation of a dynamo, considerable driving power is required to 
overcome this magnetic drag on the armature. 

A conductor carrying a current is surrounded by a circular 

concentric magnetic field. If now such a conductor, with 

current flowing toward the observer as in fig. 294, be placed 

in a uniform magnetic fieW, a iisUji\KQT\ oV NJx^ ■TOasEQKs:>K. lises 

viU occur as sbown in ft&. *2a^- '^^ t«»is:-a^ tE«&«5i«^ 
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DOS are easily detennined by remembering tliat the magnetic 
< act like elastic cords tending to shorten themselves. There is 
ct a tension along the magnetic hnes and a pressure at right 
5S to both, proportional at every point to the square o£ 
density. 




duetoia. In movliia a, wife cirryliig a 
X BK diitorwd, and the effect on the wi 



— IDuitrating drw an a 

igh a magnetic field, the _._. __. „. 

I H tboush the magaeCic lines were elastic cordi tending to shorten th 
ion. osrfott the motion of the wire; hence, in dynama operation, m 

I being moved upward agaiiuC the "drag" due !□ the magnetic Geld. 



is evident by inspection of the lines in feg. ISth, ftiaX *<:!«!«. 
'rag upon the conductor iq the Section. aVo-mi. Vi "Cos 
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Smooth and Slotted ArmatureB. — The inductors of an 
armature may be placed on a smooth dnun or in slots cut in the 
surface parallel to the axis. 

In the first instance, the magnetic drag comes on the inductors, 
and in the case of slots, upon the teeth. 

The effect of embedding the armature inductors in slots is to distort 
the magnetic field as shown in fig. 296. Most of the lines of force jpui 
through the teeth, thus, not only are the inductors better placed for 
driving purposes, but, being screened magnetically by the teeth, the 
forces acting on them are reduced, the greater part of the magnetir 
drag being taken up by the core. 

It should be noted that, although screened from the field, the in- 
ductors in a slotted armature cut magnetic lines precisely as if they were 
not protected. The effect is as though the magnetic lines flashed acrasi 
the slots from tooth to tooth, instead of passing across the intermediate 
slot at the ordinary angular velocity. 

Comparison of Smooth and Slotted Armatures. — The 

slotted armature has the following advantages over the smooth 
type : 

1. Reduced reluctance of the air gap; 

2. Better protection for the winding; 

3. Inductors held firmly in place preventing slippage; 

4. No magnetic drag on inductors; 

5. No eddy currents in inductors; 

6. Better ventilation; 

7. Opposition to armature reaction. 

Due to increased density of flux through the teeth. 

The disadvantages of slotted armatures may be stated as 
follows : 

1. Tendency of the leel\Y to mdwee eddy currents in the pole 
pieces ; 
2. Increased self-inductiotv ol VV^ ^rKv^\>ax^ ^:aC^\ 
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Greater hysteresis loss on account of denser flux in the 

teeth; 
Leakage of lines of force through the core, especially in the 

case of partially enclosed slots. 

gnedc Hjrsteresis In Armature Cores.—When the 

ion or density of magnetic flux in a mass of iron is rapidly 
ed a considerable expenditure of energy is required which 
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lot appear as useful work. For instance, when an arma- 
states in a bipolar field, the armature core is subjected to 
pposite magnetic inductions in each revoVutioiv, \.\va.\.\^, ^ 
K instant a north pole is induced in the cote ow*^^ "^^ 
afpuffiie niagnet. and a south pole in, the core o^?*^^* 
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the north pole of the magnet as indicated in fig. 297 by n and i 
Accordingly, if the armature rotate at a speed of 1,000 revolu- 
tions per minute, the polarity of the armature will be changed 
2,000 times per minute, and result in the generation of heat 
at the expense of a portion of the energy required to drive the 
armature. This loss of energy is due to the work required to. 
change the position of the molecules of the iron, and takes place 
both in the process of magnetizing and demagnetizing; the 
magnetism in each case lagging behind the force. 



Core Loss or Iron Loss. — These terms are often employed 
to designate the total internal loss of a dynamo due to the 
combined effect of eddy currents and hysteresis, but as the losses 
due to the former are governed by laws totally different from 
those applicable to the latter, special analysis is required to 
separate them. 

The eddy current loss ])cr pound of iron in the armature core 
diminishes with the thinness of the laminated sheets, and - 
may be made indefinitely small by the use of indefinitely thin 
iron plates, were it not for certain mechanical and economical 
reasons. 

The loss due to hysteresis per pound of iron in the core, does 
not vary with the thinness of the core plates; it can be reduced 
only by the use of a material having a low hysteretic coefficient 



Dead Turns. — The voltage generated in a dynamo ^ith a 
given degree of field excitation is not strictly proportional to ' 
the speed, but somewhat below on account of the various 
reactions. That is, t\\e -maeVAw^ ^.eX.'s* ?ifi. >Ocva^^ ^ome of its 
revoiutfons were not eftec\,\v^ mm^\\^\:vt^^€^a^^^ 
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The name (Uad turns is given to the number of revolutions 
by which the actual speed exceeds the theoretical speed for 
any output. 

Again, this term is sometimes used to denote that portion 
of the wire on an armature which comes outside the magnetic 
iield and is therefore rendered ineffective in inducing electro- 
motive force. The number of dead turns is about 20% of 
the total number of turns. 




Self-induction in the Colls; SpuiiouB Resistance- 
Self -induction opposes a rapid rise or fall of an electric current 
in just the same way that the inertia of matter prevents any 
instantaneous change in its motion. This effect is produced 
by the action of the current upon itself during variations in its 
strength. 

In the case of a simple straight wire, the phenomenon is 

almost imperceptible, but if the wire be in the form of a coii, 

the adjacent turns act inductively upon eada. o\^\«t \i.vaQ. '0^^s. 

priadp/e of the mutual induction arising between, ^■^o ^e?*^'***' 

d^fBcent drcaita. • 
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Ques. What effect has self-induction on the opefatkn 
of a dynamo? 

Ans. It prevents the instantaneotis reversal of the current 
in the armature coils. That is, the current tends to go on, 
and in fact does actually continue for a brief time after the brush 
has been reached. 




Fig. 208. — Distribution of magnetic lines through a ring armature. Since the lines follow the 
metal of the ring instead of penetrating the interior, no electromotive force is induced 
in that portion of the winding lying on the interior surface of the ring. There is, there- 
fore, a large amount of dead wire or wire that is ineffective in inducing electromotive force; 
this is the chief objection to the ring type of armature. 



Ques. What becomes of the energy of the current at 
reversal ? 

Ans. The energy of the current in the section of the winding. 

undergoing commutation is wasted in heating the wire diuing 

the interval when it is short circuited, and as it passes on, energy 

must again be spent m sVaxXXxv^ ^ cwrc^x^X, \s\. \t m the reverse 

direction. There is, then, a X^m^'?^ ^^ "^"^^ ^:^i^t^xs^.\T^.S>w!. wsar 

twre coils due to self-induct\oti. 
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Ques. What is spurious resistance? 

Ans. This is an apparent increase of resistance in the arma- 
ture winding, which is proportional to the speed of the armature, 
and due to the lagging of the current. 



Armature Losses. — The mechanical power delivered to the 
pulley of a dynamo is always in excess of its electrical output on 
account of numerous mechanical and electrical losses. Mechan- 
ical losses result from : 




Pic 209. — Distribution of magnetic lines through solid drum armature of a four pole machine. 

1. Friction of bearings; 

2. Friction of commutator brushes; 

3. Air friction. 

The electrical losses may be classified as those due to: 

1. Armature resistance; 
2. Hysteresis; 
S. Eddy cwreats. 
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Ques. How do the mechanical and electrical Umm \ 
compare? 

Ans. The mechanical losses are small in comparison .with 
the electrical losses. 

Ques. What may be said with respect to frictkm? 

Ans. The bearing friction varies with the load. Incalculatafi 
this loss not only must the weight of the armature be considend 
but also the belt tension and magnetic attraction in order to 
get the resultant thrust on the bearing. Friction of the brasha 
is very small and may be neglected. A small loss of power ii 
caused by the friction of the air on the armature. The latter, 
since it revolves rapidly, acts to some extent as a fan, and in 
some machines this fan action is made use of for ventilation and 
cooling. 



Ques. How are the other losses determined? 

Ans. The loss of power due to armature resistance is easily 
found by Ohm's law, but the hysteresis and eddy current 
losses, known collectively as iron losses, are not so easily dete^ 
mined. If the magnetization curve of the particular quality 
of iron used for armature plates be known, the hysteresis loss 
may be calculated approximately. Eddy current losses arc 
the most important, especially in large machines. As !»*• 
viously explained, in all the moving metal masses unless lam- 
inated, there will be eddy currents set up if they cut magnetic 
lines. Power may be lost from this cause even in the metal 
of the shaft if there be leakage of magnetic lines into it. 
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CHAPTER XX 

COMMUTATION AND THE COMMUTATOR 



The act of commutation needs special study. If it be incor- 
rectly performed, the imperfection at once manifests itself 
by sparks which appear at the brushes. In the study of this 
chapter dn commutation it would be advisable for the student 
to first review the basic principles of commutation as given in 
chapter XIV, which contains a brief and simple explanation of 
how the alternating current in the armature is converted into 
direct current by the action of the commutator. 

Ques. What is the period of commutation? 

Ads. The time required for commutation, or the angle 
through which the armature must turn to commute the current 
in one coil. 



Ques. Upon what does the period of commutation 
depend? 

Ans. Upon the width of the brushes as shown in fig. 300. 

This fixes the angle through which the armature must revolve to 
commute the current in one coil. This ang,le \s lorrcv^d, ?vs» ^cs-^rcs. ve^ *Ccv^ 
Gpire, by two intersecting planes, M and S, n<?\\\c\v pass* "Ow^ciM^gix *C^^ ws^o 
of the armature and the two edges of the btusVv. C^ttxiwaXaJctfycv. 'Cs%^ 
o^gias at M and ends at S. 



284 



HAWKINS ELECTRICITY 



Ques. What Is the position of the commutatlng plane 
with respect to M and S. in flfi. 300? 

Ans, It bisects the angle formed by the planes M and S. 

COMMUTATING PLANE PERIOD OF 

COMMUTATION 



DOMMUTATION BEGINS 




Ques. What Is the the commutatlng plane? 

Ans. An imaRinary pVaive v^^^^^Sfs •>-V\o\uf5v ■*v<t ^^ja of the 
nature and the ccnteT ot coTvX-act. oixVt^sN^V. 
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Qdcs. What two planes are referred to in stating the 
podtion of the brushes? 
Ans. The normal neutral plane and the commutating plane. 

The angle interoepted by these two planes represents the lead, thus 
m ftatuiK that the brushes have a lead of 6°, means thai the angle inter- 
cepted by the normal neutral plane and the commutating pimie is 6°. 



NOnMAL NfUTnAL PLANE 




MftL PLANE OF 
MAXIMUM mOUCTION 



— injwJ — •* 



IkB in the ■Jnutute coils, would be in tl 
Oh two dUturbing effects are present a 
B Oiowa in 6ti- 303 and 303 to Kcure ! 



Ques. What Is the difference between the normal 
neutral plane and the neutral plrme? 

Ans, This is illustrated in figs. 301 and 302. The normal 
mUal plane is ihe position oj zero induction assWimipW.^ ■*» 
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distortion of the field as in fig. 301. The neutral plane is tt 
position of zero induction with distorted field as in fig. 302 as 
as is found in the actul machine; the distortion is exaj 
gerated in the figure for clearness. 



ORMAL HEUTRAI 



NeuTfiAL riANt 




Ques. What 1b the normal plane of ipuxlmimi Indue 
tloa? 

Ans. A plane, qo° in odwitice oj ih* w>r«ai neu^td fiam 
being the position of maxAioMta «i&».<iaafi. -wKa. -Mi ^^tf^ 
of JSe/d, as in fig. 30V. 
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Ones. What Is the plane of maximum hiductlon? 

Ans. A plane po" in advance of the neutral plane, being 
be position of nuudmuin induction in a distorted field as in 
«S302- L «K.., «£uTfiAL PLANE 



NEUTHAt PLANB 




PLANE OF MAXrMUM INDUCTION 

ADVANCE FDR FIELD DISTORTION 
NCE FOR SELF-INOUCTIDN 
TOTAL ADVANCE 
. Xa. — Bnuh adjaibuBnt for selT- Induction. For conveniencs an electric current il 
nauiled u having veifht uid hence pouessing the pniperly □( beitU. The i 
then dorioir cfrmmutHtion cannot be blatantly brou0ht to 
rhanoei muat be hrough I iibcut gTaduall y 



■driocLig the bruihcA beyorit 
■rith the ihort circuited ccif cut 

ntt ud ituti it in the oppoeite direction, thui piFventing ipailu, Fla>. 301 to 303 
Aoild be cBfefuUy compfticd And thoroughly undentood. 



irted In the revcTW 
ingfOTCe. Henceby 

ircuited coil, bringiit 



Qoes. What should be noted with respect to the 

r different planes? 
Ans. The commutating plane should be caz^''^ Q^wgb- 
Sasbed &om the normal neutral plane and iiom, \)Na "asK&t^ 
iuMv *a shown in Sg. 303. 
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Commutation. — In order to understand just what happec 
during commutation, a section of a ring armature may be use 
for illustration, such as shown in fig. 304. Here the coils B 
B, C, D, E, are connected to commutator segments 1, 2, 3, ^ 
and the positive brush is shown in contact with two segment 
2 and 3, the brush being in the neutral position. Currents i 
•POSITIVE BRUSH 



NEUTRAL PLANE 




Pic. 301.— Commi 



on. This Ukes plao 



ig the brief lnterv»I in whidi uiy two tm 
„ , bniah. The eml comwetinB witli that* 

tlie oppcultioa offered bj- iis so csllcd ineriU, or dUcct producid by »cK-induetiiia. 

the coils on each side of the neutral line flow to the brush througl 
segments 2 and 3; the brush then is positive. 

Now, as the armature turns, the commutator segments cooB 
sHcce,s.siveIy into contact ■mt\\. t\\fe 'ciTM'i'a., In. the figure, s^mtf 
3 is just leaving the bru.^.'ft an4-'l\'i\i«^-KKm^Vi ■-*»£». 'oiEiB.'t. 
bencc. for an instant tV^e ccnV C -a s\«^ ca«M.\jA. 
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Qua. In fig. 304, what are the current conditionn? 

Ans. Previous to contact with segment 2, current flowc^'l 
in coil C in the same direction as in coil B. 

Qaes. What occurs while the brush is in contact with 
Ktments 2 and 3? 

Ans. During this brief interval, the current in C is stopjMrd 
i«Ki started again in the opposite direction. 

Similarly each coil of the armature as it passes the brush will Im; 
short ciicuited and have its current reversed. This is known as rom- 
mmlaiion, 

Qoes. What is the effect of field distortion with respect 
to commutation ? 

Ans. The neutral plane no longer coincides with the nonnjil 
oeutral plane but is advanced in the direction of rotation of 
the armature as shown in fig. 302. 

The reaction of the poles N' and S' of the armature field on the ih>U\s 
S and N of the main magnetic field tends to crowd the lines of force into 
the upper pole face of the south pole of the magnet, and into the lower 
pole uice of the north pole. This effect is due to the strcftig magnetic 
attraction between the opposite poles S and X' and N and S', and the 
equally strong repulsion between hke poles N and N ' and S and S'. Honi.v, 
the plane of maximum induction no longer coincides with the nonnal 
plane of maximum induction, but is advanced in the direction of n:)ta- 
tion, depending upon the strength of the armature current, being shiftt*d 
forward for an increase of current, and backw*ard for a decrease of 
current. This distortion of the field and the consequent shifting (if the 
plane of maximum induction naturally results in the shifting of the 
neutral plane from the vertical posiiion to the inclined position as 
shown. 



Position of tlie Bruslies; Sparldn^. — In accordance with 
the laws of electromagnetic inducivjn, if iVwt \A\j^.)\:dX Tvwji^ '^dron:^ 
^ae shown in £g. 301 be rfjUiuA in iivn <\\rejL\vi>u"\TvSv<:ii\AA\>'^ 
le amw the armature comxxt ttiUjrix^j 4iX Xbii \«\x^ V* "w* 
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divide, one part passing through the coils on the right half of 
the ring, and the other part through the coils on the le(f half 
of the ring, to the brush F, from which the total current will 
pass out, urged by the full value of the electromotive force 
induced in all the coils on both halves of the rii^. 

Again, if the brushes be placed at the points G and H, each 
half of a current entering at G, will pass through one-half of 




the coils on the left side and one-half of the coils on the right 
side of the ring, so that each half of the current will be urged 
forward by an electromotive force equal to the electromotive 
force tending to force \\, bacV., a^vd therefore, no current mil 
pass in or out through t\ve bfMaVt^. ^T3Kv'Cc«Efc «rosAs=c»iosKfl. 
it is obvious that the proper po^i.x;-.«^ l«t •e«.\.=«Mta«.^..^^* 
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k the normal neutral plane, were it not for the disturbing ejects of 
wKturt reaction and self induction of the current. 



Ques. Should the brushes of a dynamo be placed in 
the neutral plane? 





UTATION ENDS 



t^ no DiipofliaB force » dunua commutatiof 
orcoitcd coil, and when the tirush brcHka 



'■'- em in coil F. Sparldng. itnlloirtd 



I. Why not? 

Ans. The brushes must be advanced beyond the neutral 
hoe to prevent sparking. 



Ones. What Js the cause of sparking at t\A \);cx»^<«^t 
Ans. It » due to sslf-induction in the cwl MX\.'&cc^'3a«L laarai.- 



292 



HAWKINS ELECTRICITY 



Ques. Explain the effect of self-induction In detail 

Ans. When commutation takes place with the brushes in 
the neutral plane as in fig. 304, there will be no voltage induced 
in the short circuited coil C. The current, therefore, which 
flowed in coil C before it was short circuited will cease, and as 
segment 3 breaks contact with the brush, it will be thrown as a 




idnE th« bnuho 



. with the brash Mid «b1 F. in whid 
iirt i-ircuilM. Thccuinnt nnw dlvidn at M, pan p;_..., 
i. oiirl pare thmuMh oiil P and Kgment 1. Allhcmsh n 
uHl Ihu n.-utnil jiUinc, ii ci "^ "-- '■ ' ' - 



fwrfeclly idle coil upon tlie ri^ht hand half of the ring in which 

a ctirrrnl is flowinp; lowatd the brush. Moreover, the current 

nhkh na.s flowinji lhrouft\\ \^ atv^ ?> iw^c'^^ xa *Cwe.\sr>i^-TOMst 

suddenly traverse the loii^er va\.^X\aQM.^^'^"^^s-«i^^- ^««, 
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on account of self-induction, the current acts in precisely the ^ame 
manner as thousk it had weight; that is: 

It cannot be instantly slopped or started. 

Therefore, when segment 3 leaves the brush, the current 

will not instantly change its path and flow through C, but will be 

urged by its ^'momentum, and jump the air gap between the 

brush and segment 3, thus producing a spark. 
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imrrK'diatvly be mode to flow at full sfwcii any 
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Ques. How may this sparking be prevented? 

Ans. If the bnishes be given additional lead, that i sld 
further to the right to some position as N N, fig. 304 oo 
will not remain idle during the interval it is short c xxl 
but will cut the magnetic lines in such a way as to induce • cm 
in the reverse direction through it. Under these conditions, ^ 
segment 3 breaks contact with the brush, the current floi 
through D does not encounter an idle coil, but one in w 
a current is flowing in the same direction, hence, the tend 
to jump the air gap and produce a spark is reduced; with pr 
adjustment of the brushes, there will be no sparking. 

Ques. What is the objection to very thin brusl 

Ans. Time must be allowed for reversal of the cun 
hence the brushes must not be so thin as merely to bridge 
insulation between segments. 

Ques. What is the effect of lead? 

Ans. There is usually much sparking when the lead is 
small; a little sparking when too great, and no sparking n 
just right. If the lead be excessive, there is a waste of enc 
due to the generation of a larger reverse current in the si 
circuited coil than is necessary. 

Fixed Position of Bnishes. — The condition for spark 
commutation is that the current in the short circuited cofl 
reduced to zero, and increased in the opposite direction up 
the same value as that in the next coil leading. If the brus 
are to remain in a fixed position, this condition will only 
realized at the particular load for which the brushes are i 
Thus, if the brushes be set for the average load, the revers 
/leld will not be correc\. lot e\tij\<ec ^ ^^aksx or stronger ki 
Hence, sparkless commu\a\.\oti^\>Q.^'*w^^\iT>a^^x^^ 

some other factor. 
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Qoes. What may be said with respect to carbon 
nnhes? 

Ans. Since carbon possesses a high resistance, the drop 
U vary greatly with the contact area, thus affecting a difference 
potential in the two segments passing under the brush and it 
largely to this that sparkless commutation is due. 

Ones. What is the effect of resistance on conunutation ? 

Ans. In fig. 304 during commutation, that is, while the 
rash contacts with any two segments, as 2 and 3, the currents 
Bring up through the winding on either side of the neutral 
bne are offered two paths to the brush: 1, direct to brush 
wwgh the connecting segment, or 2, across the short cir- 
oted coil and adjacent segment. Thus, on the right side: 
) brush through segment 3, or across coil C and adjacent seg- 
eit2. 

The current will take the path of least resistance. 

At the beginning of commutation, almost the entire brush 
ea being in contact with segment 3, the contact resistance of 
is segment will be much less than for segment 2; hence, not 
ly will the current at the right flow through 3, but also the 
Tent at the left after first traversing the short circuited coil, 
commutation progresses, the area of contact of 3 decreases 
Be that of 2 increases, and the respective resistances vary 
mverse proportion. Likewise the tendency of the current 
ihe left half of the winding to take the longer path through 
C and segment 3 to the brush gradually decreases, becoming 
) when the two contact areas become equal. Diuing the 
md half of the period of commutation, the contact area of 
ncnt 2 becomes greater and of 3, less; thus the resistance of 
; lowered, and that of 3 increased. AccotAitv^^ ^ ^ cJL *fioa 
eat at the left will Sow through segment % hxA \Jafc 03Xt«^ 
e rfgit wUl £ow through C and 2 xatYiet \Jaaxi ^2ctfa«i& 
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3- In this way the current is reversed in C, and, if the brush be 
broad enough to allow a sufficient time interval, the current 
in C is built up to its full value before segment 3 leaves the 
brush, thus securing sparkless commutation. 

This contact resistance factor in sparkless commutation is illustrated 
in figs. 314 to 318, it being assumed that during commutation, the 
brush contact resistance is inversely proportional to the area of contact, 
and that the winding is free of resistance and inductance. The current 
is taken as 40 amperes, in which case 20 amperes will flow from each 
side of the winding to the brush. 

In fig. 314 the instant before commutation begins all the current will 
flow through segment A. At the end of the first quarter of the period 
of commutation, fig. 315, 30 amperes will flow from the right to brush 
through A, and from the left, 10 amperes through the short circuited 
coil via A and 10 amperes through B. 

At the end of the second quarter or half period, fig. 316, the current 
through each half of the winding -TfilX flow to the brush through these 
respective segments. 

At the end of the third cjuartor, fig. 317, the current from the right 
will divide, 10 amperes going through A, and 30 amperes traversing 
the short circuited coil and out through B. The entire current from 
the left will flow through segment B. 

At the end of the fourth quarter, fig. 318, or completion of the period the 
current from each half of the winding will flow to the brush through B. 

Ques. What is the effect of increasing the degree of 
contact of the brushes? 

Ans. It lengthens the period of commutation, and permits 
it to start in one coil before the i)receding coil has entirely 
passed through this stage. 

The effect of changing the dcgrot* of contiict is shown in figs. 319 to 
323, in which the width of the brush is made equal to that of two seg- 
ments. 



Construction of Commutators. — The commutator for a 
closed coil armature consists of a number o£ se<^vwci.^\s» <3t Vr- 
shaped bars C of drop forged hard drawtv covv^"^ -a&^^tc^^^^ 
arounda ^uf>u/ariron/iubasshownmfigs;i2A^X^^'?a^A T^^'^'^^^'^'^ 

J 
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held in position by the nuts E, and washers F, screwed on 
the ends of the tube D. The bars are insulated from each other 
and from the washers by mica as shown by the heavy Unes G, 
and they are also insulated from the tube either by a tube rf 
mica H. or by a sufficient air space. The ends of the sections 
of winding are connected to the vertical portions of the bars 
K, by insertion in the slots L, where they are securely held in 
place by means of the binding screws, which for greater security 




are soldered together, and may be released from the slots, 
whenever necessary, by the application of a hot soldering iron. 
It is very important that all the parts of the commutator 
shoulr be fitted together perfectly and screwed up tightly, in order 
to prevent looseness. Commutator segments are often made 
H7(h (he washers E, projecting beyond the ends, but such 
construction reduces the eRcctKNti VtvjH^v -A "Ooa wnasnjitatw, 
^erefore the under cut torm ol 'bM \s. v^A^xsidK.. 
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In the construction of commutators, the conditions of opera- 
tion require that there be: 

1. Adequate insulation; 

It is necessary to have good insulation between each segment, and a 
specially good insulation between the segments and the hub or sleeve on 
which they are mounted; also between the segments and end clamps. 
The insulating material must not absorb moisture, hence asbestos, 
plaster, or vulcanized fibre are not used. The end insulating rings are 
usually built up of mica and shellac, moulded while hot under pressure 
to the correct shape. 




Pic 32e— Proot view o_ 

muUlor u mada ot turd dni 
providnl neu- tha ihaft. 

2. Rigidity against centrifugal force; 

Since the segments are subject to centrifugal force, they must be securely 
clamped in place. Screws cannot be used, for that would destroy the 
insulation. They are therefore held in place by insulated clamps as 
shown in fig. 324. These clamps should be slTotv^ atA ci^i^AE. ■A.'wSA.- 
ing the seemeata Brmly in position, ior \i a scwnwA ^i^ii v\sfc o-ss- ™_ 
its place through centrifugal force, it would ii&XMfo ^i^e, acSioti. oV vw 
bnuh and cause sparidns. •« ^ W_ 
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3. Provision for wear. 

The segments should be of considerable radial depth, so that the com- 
mutator may be turned down from time to time to preserve its circular 



Points Relating to Commutators. — 1. The number of 
commutator segments depends on the scheme of winding and 
on the number of sections in the armature winding. 



~~lk^ 




2. Increasing the number of bars diminishes the tendency i 
to spark, and lessens the fluctuations of the current. 

Thtre arc two practical reasons for not using a veiy great munba 
of segments: it increases the cost, and in small machines the scgnienti 
would be so thin lUat &. brush of the proper thickness to ccdlect tl» 
current would lap over, oi bnAfte wvttA tr^joraa*. 
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l^pes of Commutator. — Commutators are made in various 
forms, but they may be grouped into two general types; 
1, Commutators for closed coil armatures; 

These consist of a large number of segments or bars, insulated from 
each other and varying in number according to the scheme of armature 
winding, and on the number of sections into which that winding is 




Tk. sib. — A Uis* current low voltage bipoUt dynamo built for elmtrolylic work and heiB 

Duut be of connidEiable nu to give the required bmih contact ana. The contnat 
between the ailal lengths □( the armature and the conunuutor ii very marked. The 
rocket conHTUctiOTi is of the ordinary type, and heavy flexible cables conduct the cumnt 
fmn the brnih holdeta to the fijed terminal). The machine ti»™ i\ti>.t™i.»t olna aia 
■nmtea at 7 volt* when nmnios at a ipeed of IVM R. P. M., 
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2. Commutators for open coil armatures; 

This form of commutator is used on some machines designed espedaUy 
for arc lighting, such as the Brush and Thompson-Houston machines. 
They consist of a comparatively small number of segments eadi di 
which covers a wide angle, and are separated from each other by air 
gaps. 



3. The segments should be of considerable depth to permit 
returning occasionally so that their circular form may be pre- 
served; 

4. The instdating material must be such that it will not 
absorb oil or moisture; 

Mica is best adapted for insulation, but as there are a great many 
varieties, differing greatly in hardness and other equalities, it is important 
to select the kind that wears at the same rate as the segments. If the 
mica be too hard, the wearing; of the segments will leave it projecting 
and prevent proper contact with the brushes; again, if the mica be too 
soft, it will result in furrows or depressions between the segments into 
which copper dust will collect, causing short circuits. 
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CHAPTER XXI 

BRUSHES AND THE BRUSH GEAR 



With respect to construction, brushes may be broadly class- 
ified as: 1, those made of metal, and; 2, those made of carbon. 
There are several varieties of metal brush, such as: 

1. Gauze brushes; 

2. Wire brushes; 

3. Laminated or strip brushes. 

Gauze Brushes. — These are very flexible and yielding, 
their use being attended with little wear of the commutator. 

Ques. What is the construction of a gauze brush? 

Ans. A gauze brush is made up of a sheet of copper gauze, 
folded several times, with the wires running in an oblique 
direction, so as to form a solid flat strip of from 34 to ^ inch 
in thickness, increasing with the volume of the current to be 
collected. 

Ques. What is the object of folding the gauze with the 
wires running in oblique directions? 

Ans. It is to prevent the ends of the brush fraying or 
threading out, which wouJd be the case \i t\ie ^^.>3l2^ ^^x^ VOA^^ 
ap ia any other manner. 
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Ques. What are the features of gauze brushes? 

Ans. They make good contact, but are quite expensive. 
They may be set either tangentially or radially, the latter 
preferably, since the point o£ contact remains the same as the 
brushes wear away. 

^STRIP 



STRIF' AND WIRE 




IcArrsoNB 



Wire Brushes. — This class of brush, which was extensively 
used before the invention of the gauze brush, is made up of a 
bundle of brass or copper wires, laid side by side and soldered 
together at one end. Since wire brushes are harder than the 

gauze brush, they are Tnore \\a.\i\ii \.o tiiV w «a3te the conunuu- 

tor, and arc also more ttoubVcaoms 'ua \.totn.. 
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Laminated or Strip Brushes. — These probably represent 
the simplest form of brush, but are not extensively used owing 
to the lack of flexibility. They consist of a number of strips o£ 
copper or brass, laid one upon the other and soldered at one end, 
as in fig. 330. 
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Ques. What name is generally given to strip brushes? 

Ans. They are commonly and erroneously called tangential 
brushes, but they are really beveled at the end and set inclined 
to the line of tangency so that the ends ot afi. X\v.& ^^'^■s. •«'Si. 
aaie contact 
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In the Brush and Thomson-Houston arc dynanios, in which the 4 
rent is limited to ten amperes, the brushes consist of a simple fbil 
fieicible sheet copper, the ends of which are slit in a number of p^ 
so as to insure contact at several points, ' 

Carbon Brushes. — When metallic brushes are used v^ 
the commutators of high tension machines, they frequeol 




give rise to excessive spaikm^ aud also heating o£ the a 
the metallic dust gWen oR. a^^earai-i. Xa Na&t*. >«>; 
segments of the commuXaUffi A'oms ^'^■"='^'3 ^Qaft.«trai&M 
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ne. To obviate this, carbon brushes are extensively used 
b dynamos, this material being found very effectual in 
^rention of sparking. 

t. What 1b the usual form of carbon brushes? 

They are usually in the form of oblong blocks, 




er dcacribcd under Gg. 331. 



8. How are they adjusted on the cQmxa»X».Vcn\ 

Tbeyare set "butt" end on the comm.u*ta.\«t, mAV«A. 
as any ypfar away b^ piisms Of a spnn:& \Baa«E. 
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Qaea. Why are carbon brushes so extensively 

Ans, Because they are the only form of brush thi 
give good commutation with fixed lead. 

Ques. What may be said of the different gratj 
carbon In use for brushes? 

Ans. The very soft carbon leaves a layer of graphitic i 
on the commutator, and at high voltages, this may cause 
ing; such grade of carbon should only be used on low v 




Fic. 338.— Western Electric boi type brash holder. The boi which holda the bnuh i) 
to Kllow the brush to slide [r«ly. but not loosely, to and (mm the CDmnmtaU 
which it is porrnally held by a ]e\-er acting directly upon thebruih hew]. TUan 
pDSsibility of uneven bcanng on the CDirnnutAtor, ai the brushes are allomd vt 
lateral or angular motion. "Die adjuatmcnt of a brush is also limpliGed after it 
removed and then replaced. Tension on the brush head is obtained by a (ped 
which maintains anv given tension for which it may be set. An auiiliary flat iti 



Ques. How are the ends of carbon brushes tr 
and why? 

Ans. They are usually covered at their upper part 
a coating of electro-deposited copper to insure good contad 
the bolder. 
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Comparison of Copper and Carbon Brushes. — Copper 
brushes tend to tear and roughen the surface of the commu- 
tator, while carbon brushes tend to keep the surface smooth. 
Copper causes more wear of the commutator than carbon. With 
carbon brushes, the armature may be run in either direction. 
The resistance of carbon being greater than copper, there is less 
short circuiting caused by carbon particles than by those of 
copper. 




he. 337 — Wetdoghonae brush 
the iprinv of hea' 



|[ braided o 



. It is made of brass* cast in one piece, and of etandud 

is held by a Kreiv. Thii ihunt relieves 
L Itie bolder is so uranRed as to be easilv aree&nhle For 
lewal of carbons- Proper tension ia 

readily adjusted by a simple rat^e 






Ques. What is the chief merit of carbon brushes? 

Ans. They give less sparking than other types. 



Ques. How has the construction of carbon brushes 
|>een varied? 

Ans. Since, for imnimum sparking, it vs otA-j ucttsaas-^ "Cwa^ 
be brasb have bigb iiesistance in the reg>oti Teat ^^a. «&«?•* 
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attempts have been made to increase the conductivity of the 
other portions by combining with the carbon, copper sheets or 
wires. 

Ques. What are the objectionB to carbon brushes? 

Ans. They are easily broken and not being flexible, vibration; 
or any roughness of the commutator will cause bad contact. 




M,—llnlter Cabot multiple bruth holdif. Each b 
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Ques. For what class of machine are carbon bnisbcs 
specially adapted? 

Ans. For machines furnishing a small current at high pres- 
siye. 

U'hcn carbon hTnsl\cs ate v\y;d,\t is desirable that the current be small, 
because, on account o! 1\ic\d-!ij cOT\iw;tW\Vi tS.ftft^a.'ftuMi.-nsnre contact 
area is nc'ccssary than with cov^^ lo^ ccfiii^ 
£ibd lead and "fluctualuig csincats, r-^— 
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Ques. For what class of machine are copper brushes 
specially adapted? 

Ans. For machines furnishing large current at low pressure, 
as in fig. 328. 

Size of Brushes. — The number of brush sets depends upon 
the nimiber of poles of the machine, but there may be several 
brushes in each set. It is usual, except in the smallest machines, 
to place at least two brushes exactly similar side by side instead 
of one broad brush, thus allowing one brush to be removed for 
trimming or renewal while the machine is running. Moreover, 
better contact is secured by this sub-division, because a slight 
elevation in the commutator surface at one point may slightly 
raise one brush of a set at each revolution without much harm, 
while with one broad brush, the entire brush would be lifted, 
causing bad sparking. 

Ques. What determines the number of brushes in each 
set? 

Ans. It depends upon the current capacity, size of machine, 
and judgment of the designer. 

Ques. What may be said with respect to the dimensions 
of the brushes? 

Ans. No general rule can be given for breadth and thickness 
of brush. The contact face must clearly be wider than the 
thickness of the insulation between commutator segments, since 
the period of commutation must last an appreciable interval of 
time on accoimt of self-induction. 

Ques. What should be the minimum width of the 
brush contact face? 

Ans. It may be taken as one and one-iiali Wtaes \-\\^ \}k^O*xss55.% 
of the commutator segments. 
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Quea. How wide should a carbon brush contact be? 

Ans. The brush should be thick enough to cover two and 
one-half commutator segments. The thickness should in no 
case be excessive on account of the loss due to heating, which 
results from the difference of potential at the forward and rear 
edge of the brush. 

ANOLE OF CONTACT 



BRUSH PLANE 

INCLINED 



COMMUTATINC PLfcNB 

c 

RADIAL 




Pig. 339.~Conlact angle for 



Contact Angle of Brush. — This may be defined as the an^e ■' 

which the brushes make with the commutating plane as shown 
in fig. 339. The several kinds of brush, together with the varied 
conditions of operation require different contact angles railing 
from zero to 90°. 

Thus inthcfigun;,acoppeTStupV.waNiTOB.^\«.«t**f ': 
as at A. 
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Wire or gauze brushes should make a moreor less acute angle as at B, in 
order topresent the end and not the side of the brush to the commutator. 

Carbon brushes may be placed end on or radially as at C, which is 
the position almost universally used in the case o£ traction or other 



Sometimes the carbon brush ts inclined as at D, in order that there- 
volving commutator may tend to push the brush against its support* 
and thus ensure better contact. 

Brush Contact. — The relation between conlact pressure, 
contact resistance, and friction of brushes varies greatly for 
different kinds o£ brush. Copper brushes wiU carry from 150 




I holder works equally well for fon 
init* af wliUBlmRit or i * , . ^ , -, , 



Sufficlrat 



4 of bniah ifl provided to permit ruiinms on one carbon at ordinary loadfl iii 
tsiE ujc otJ^er become worn or inoperative. 

to 200 amperes per square inch of contact surface; and carbon 
brushes from 40 to 70 amperes per square inch. The usual con- 
tact pressure is 1.25 to 1.5 pounds per square inch for copper 
brushes, and 1.5 to 2 pounds per square inch for carbon brushes. 
The rim velocities of commutators vary from 1,500 to 2,500 feet 
per minute, the velocity usually increasing with the size of the 
machine. 

Ques. What is the drop In voltage at the brushes? 

Ans. For carbon brushes it is about 0.8 to l.ft ncj\X %S- -sasSa. 
txmtact, or 1.6 to 2.0 volts for the two, ■posivSNft aaft. ■oat^^^-'*^- 
contacts of b macbiae. 
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as such arrangement merely^ reduces the current density, and 
the contact resistance varies in the inverse ratio, th^ product re: 
nearly constant. 

Ques. What may be said of the friction of the brusl 

Ans. The coefificient of friction of brushes is about .2 U 
for copper and .3 for carbon. 




Fic. MJ— W«t*iii,E]( 

Ques. How many watts are lost at the brushes? 

Ans. The watt loss is equal to 1.6 to 2. volts for cai 
/nuJtipIied by the total current carried. 

The watt lost on account otlnc6era'Kia.'i\3e«itoiaS)A\i^'iisi^s« 
•^ ^ "^^^ (PVS^ ■= -matte \t>5X ■^'i ositwti Vctf^sOT.^ '-oi ^ 
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is the total pressure in pounds on the commutator, and S» the rim 
velocity of the commutator in feet per minute. 

The losses due to contact resistance and brush friction are very liable 
to be greatly increased above the values that may be obtained by the 
preceding methods, if the commutator and brushes are dirty and rough, 
or not in good condition. 



Brush Holders. — These are devices employed to hold the 
brushes against the commutator with the proper presstu-e. 
They differ considerably in various types of machine, hence, no 




ARM OR LEVER TYPE 



SPRING ARM TYPE 





BOX TYPE 



REACTION TYPE 



hoL 342 to 345. — ^Various tyx>e8 of brush holder. Fig. 342, arm or lever type; fig. 343. 
qinng arm type; fig. 344, box type; fig. 345. reaction tyi>e. 

geoCTal rules can be given with respect to their construction or 
use, but any brush holder must fulfill the following requirements: 

1. It must hold the brush securely and at the same time feed 
it forward as it wears away so as to mam\,a^tv a ^tq^^x ^^x^r 
tact; 
Z It must hold the brush at the proper cot\lacX. ^ax'^^* 
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3. It must be capable of being raised from the commutator, 
and held out of contact by some form of catch; 

4. It must be so constructed that the brush can be easily 
removed for cleaning or renewal; 

5. The spring pressure must be adjustable; 

6. The brush holders themselves must be carried on a rocker 
arm, or rocker ring. 

It is desirable that brush holders be capable of individual 
adjustment, so that each may be set at its own point of minimum 
sparking. A few forms of brush holder are illustrated in figs. 
342 to 345. 

The various kinds of brush holder may be divided into tour 
types : 

1. Arm or lever type; 

2. Spring arm type; 

3. Box type; 

4. Reaction type. 

In the arm or lever type the brush is firmly attached to the 
extremity of a rigid arm capable of movement about the brush 
spindle, except in so far as it is restrained by a spring as in fig. 342. 

Fig. 343 shows a brush holder of the spring arm type. The 
brush is firmly attached to the extremity of a spring arm, the 
other end of which is secured to the brush spindle, and when 
once adjusted is not capable of movement about the brush 
spindle. 

In the box type of brush holder as illustrated in fig. 344, 
the brush is free to move up and down in the brush box, so far 
as it is not restrained by a s^prvxv'j;, tv^^^ ^^c^3J:ed to the arm 
i^hich carries the brush. bo:K. a\, aX-'^* e^RXtOT^^Vj . 
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e flangeA which jwnnii the Dasa^ of air f 
u oi uie tuiB to the openings in the end naagea. The uukd<.uin <jju 
nmnd or b«- coijper on nandard forms. The ceils atelsiaitviiiDWiE 
■t Tie ojaiojofator is conslnicted of baraoE harddrtun coroei t4>iiiAon&*M'" 
er. mappoited and cUmprd at either end between bevdei linai w>4 "*»^1 ""^ 
» ir iBotatta mod keytd on tha amatuia bib e 
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Fig. 345 shows the reaction type of brush holder, in which the 
movement of the brush is constrained in one direction by the 
surface of a part rigidly secured to the brush spindle, and is 
further constrained by a spring controlled arm, the pressure of 
which is capable of ready adjustment. 

Among the special forms of brush holder may be mentioned: 




Fig. 347.— Wettcm Electric bru^b holder. This holder i 
elliptical in secLion, and mippurtcil from the croiiDiut 
manner as lo provide for the shifting of the linishes. i 



bnuh. The lung Ici'tT arm uf the npiitiM n suliicicnti 
tjiina of the hnuh. Thr Icnnun of the tirusli may \h 
i-ommutitor or ilinurlilnR any of tho nlher holder 



1 of a rumed iron ■ 
id bearing bracket ir 

ol by a spring whici 



fleitibli- copper pigj tails of ample mirrent carrying capacii 

1. Scissor tyjif n{ lirusli InnliitT, used for slip rings, and consistini; 
ijf two arms pivotrd logethtr like a pair of scissors. The lower ends 
of thf arms carry tht' brushfS, suitably mounted, and the upper ends 
art' drawn togclhtT by a siirinc, wliich thus cxcrls pressure on the brushes. 
2. Clock spring \\ifi.' i>i \iTU'i\i XtoVAm \w -wWc^ the necessary contact 
pressure is applied lo Uwbtus.\\\i-j mca.TL^'A a.iAiacX.^T™t,->»f™iB„-wWi 
U>L-aidofaratdiclmaybewo\md\i.\>Bii^>.aa:v^\R3^yi'^-l*s»s^-SS^^ 
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Ques. How are brush holders carried? 

Ans. They are carried by a rocker arm for bipolar, and by a 
' rocker ring for multipolar machines, which is mounted upon one 
of the main bearings, or upon a support specially provided for 
it, being pivoted to revolve from the same center as the shaft, 
to permit shifting the brushes. 

Ques. Mention one trouble sometimes encountered 
with brush holders. 

Ans. There is sometimes trouble resulting from the current 
passing through the spring which heats it and destroys its 
elasticity. 



Fic 34S. — Wdtcrn ElMtrie purallel iprins brush holder ai used on the Urser muhlnes. 

Ques. How may this be avoided? 

Ans. By insulating one end of the spring, and carrying the 
entire current directly from the brush itself to the main conduct- 
ors by a flexible copper strip or cable firmly connected to both. 

Ques. What may be said with respect to brush con- 
struction on machines for electrolytic work? 

Ans. The collection of large currents at low voltage, £enCTa.ta<i 
by comparatJve]>' smaU machines, requVies cM^lvi. &.e^v?J^ ^ 
brushes and brush holders. The comiiiu,\,aXot SsXcwaw 'Ooai.-B.'<»~ 



320 HAWKINS ELECTRICITY 

commutators on machines of equal capacity at higher voltages 
and as a rule the commutator segments are thicker and fewer ii 
number. Each brush set is made up of ntxmerous narrow brushe 
rather than two abnormally wide ones. 

An example of brush and brush gear designed to meet such conditioa 
is shown in fig. 328. 

In large machines for electrolytic work, it is not unusual to fiik 
the current divided between two wide commutators, one at each ok 
of the armature, thus giving a longer axial bearing surface for the brusbei 
without inconveniently lengthemng the pins upon which the separati 
brushes are threaded. 

Multipolar Brush Gear. — The brush gear which include! 
the holders and carrier arm or ring, becomes more complicated ai 
the number of poles and magnitude of the current is increased. 

In the early days of multipolar machines, schemes of armature windin| 
were devised sudi that all the necessary cross connections were nun 
inside the machine, and the number of brush holders reduced to M 
and placed at an angular distance apart depending upon the numbei 
of poles. Such windings, though possible, are not used much, chieft 
on account of their complexity, which not only increases the danger d 
error in construction, but also makes repairs costly. In modem mnl^ 
polar machines, such complicated windings are avoided, and the seven 
sets of brushes are connected together in two groups, positive aa^ 
negative. These connections are carefully designed as part of the bud 
gear. 

Ques. How are the brushes held in large multipobu 
djrnamos ? 

Ans. They are held at the proper points of commutation bj 
arms offset from a cast iron rocker ring, which is itself supported 
by brackets projecting from the magnet yoke as shown in fig. 34fi 

Ques. What provision is made for shifting the ring tii 
adjust the lead? 

Ans. The ring is rotated by means of a worm gear aai 
band wheel. 



- - ^*-^- 
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CHAPTER XXII 

ARMATURE CONSTRUCTION 



The armature of a dynamo has been defined as: a collection 
9f coils of wire wound around an iron core, and so arranged that 
Actric currents are induced in the wire when the armature is 
rotated in a magnetic field. 

Ftom the mechanical point of view the armature may be said 
lobe made up of the following parts: 

^ 1. Shaft; 
i Core; 
' 3. Spider 

(in large machinef); 

4. Winding; 

5. Commutator, 
(broadly peaking). 

Of the two types of armature, ring and drum, the latter is 
ilinost universally used, hence the examples of construction 
whieh follow will be confined chiefly to this type. 



Shaft. — ^A typical armature shaft is shown in fig. 349. It is 
made ot steel and, except in the smaller machines, is thicker 
b the middle than at the ends for stiSness to m\X^\;&xA "Ccl^ 
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A 



stroi^ magnetic side puU on the core vhen the latter is, 
slightly, nearer one pole piece than the other. 

Ques. What Is the object of providing ahouklen on tb» 
shaft as In flft. 349? 

Ans. They serve to keep the armature in the proper pontioo 
with respect to the bearings. 

Ques. Howls the shaft proportioned? 

Ans. If it be proportioned to secure the proper stiftieas, it 
will be found of ample size to resist the twisting strain. 



ruLLtv bcaRins 




Fig. 349.— Typlol ihaft fot in amuiure. The illuitnlion thorn tiM keymiy* for PiBcTi 
u-maton and commutBtor. In the unaOler •■«•, then U uully m fluige mt A. tal 
thremdi at B aad C lot ntaiaiag nute. 



The shaft is subject also to bending by the weight of the armature, 
by the magnetic drag on its core, and in belt driven machines, by the 
lateral drag of the pulley. When running, it is also subjected to bending 
Stresses if the armature be not properly balanced. If the bearings do not 
give, it is evident that all such actions tend to bend the shaft at definite 



Core. — In the small and medium size dynamos, the core 
s attached direct to the shaft. There are two kinds of core: 



1. Smooth; 
2. Slotted. 
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Ques. What may be said of the smooth type of core? 

Ans. It has become obsolete, except in special cases, as for 
machines used for electrolytic work where a large current at low 
voltage is required, 

Ques. What is necessary with a smooth core? 

Ans. Driving horns as later described. 



THREAD Fon 
COMMUTAIOn 
RtTAINiNS NUT 




Ques. What Is a slotted core? 

Ans. One having a series of parallel slots, s\Tnila.t \a "Oc*. 
spaces between the teeth of a gear w'hce\, a^n.^ m "wVvOtv 'Oc«. 
inductors are laid. 
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Ques. What provision is made to avoid eddy cumnta 
in cores? 

Ans. They are laminated. 

Ques. Describe this method of constructl<m. 

Ans. The core is made of stampings of thin wrought iron or 
mild steel. The numerous discs stamped from the sheet metal 
are threaded on the shaft as in fig. 350, forming a practically 
solid metal mass. 

core: discs 



COLLAR 



NUT 




END RETAINING FIATES 



Pig. 351. — S«tLoi 
ehaft? "™'* 



e showing end plato. flup 
i( the cote with respect to iht 



Ques. How thick are the discs? 

Ans. The thickness ranges from .014 inch to .025 inch, cor- 
responding to 27 antl 22 B and S gauge respectively, 27 gauge 
Ix'ing mostly used. 

Ques. How are the discs held In place? 

^ns. By two end p\atcs. ■v>tc?,'5k&. \i:yi,tfCws «v^s>sst Vj large 
nuts screwed directly on \.^:ie sVal^ ^ v^ ^- ^"^^^ ^ ^^^ ^^^^i«. 
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pBsang through the core from end to end, as in fig. 352, holes 
bring punched in the discs for the purpose. 

Ques. What precaution is taken with respect to the 
core bolts? 

Ans. They are insulated from the core by tubes and washers 
nuca or other insulating material. 

END PLATES 



SHAFT 




KEV 



RETAINING BOLTS 



352. — Laminated annature core with through retaining bolts. In the larger sizes, these 
bdts are used instead of a nut threaded on the shaft on account of the large size of the 
latter. 

Ques. What is the construction of the core end plates, 
why? 

Ans. The rims are beveled quite thin to avoid eddy currents. 

Qoes. How is the core connected to the shaft? 

Ans. Since the core has the full torque exerted upon it by 
drag of the inductors, it must be firmYy coTrnfecV^^L \.ci *Cwb 
ba/t by means of a key, as shown, so that it ra^^ \^ y^^&si^ 
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Core discs are stamped in one piece up to about 30 inches in diam 
and for larger sizes they are built up irom sections as later descri 

Fi^. 353 and 354 show two forms of disc stamped in one piece, 
first illustrates a solid disc, and the second a ventilated disc in m 
more or less of the metal is cut away near the center, thus provi 
passages for the circulation of air which carries away some oi the 
generated in the armature. 



Insulation of Core Discs. — When the discs are stam 
from very thin metal, the mere existence of a film of oxid 
sufficient insulation. It is usual, however, to apply a qi 





Pigs. 353 and 354. — Solid and ventilated core discs. In fig. 353. the metal cut away 
the center reduces the weight and provides passages for air circulation. In someinst] 
a forced drcxilation is secured by means of a fan attached to the armature, at shoi 
fig. 366. 

drying varnish that will give a hard tough coat and not sof 
with heat or become brittle and crumble under vibration. ' 
varnish may be applied either by dipping or with a japanii 
machine; it must be very thin, and the solvent employed sho 
be a very volatile spirit. 



Forms of Armature Teeth. — The teeth stamped in the c 
discs are made in varioM& ^aac^e^, de^^exvdin^ largely on 



ARMATURE CONSTRUCTION 327 

nethod of securing the inductors in the slots against electro- 
tu^etic drag and centrifugal force. The teeth may be cut 
irith their sides: 

1. Inclined; 

2. Projecting; 

3. Notched. 

Ques. What may be said of teeth with inclined sides? 

Ans. A tooth of this type is shown in fig, 356, being slightly 
narrower at the root than at the top, the resulting slot having 
parallel sides. 




•iG. »M.— WMttfn Eldtric >1olt*d a\ 
ncaled Hid jmpuuud. They rtk n 
■ad held in pbce by Ribstanlial ei 



What are the features of the projecting type of 



Ques. 
tooth? 

Ans, The projecting type is shown in figs. 357 and 358 in which 
,he tops project; this gives a larger core area around the circum- 
erence of the armature which reduces the reluctatvoa q1 XVr, 
»ir gap, and provides projecting surfaces lox te,\.'aMX!Xi% "Cos. 
adactctrs in the slots by the insertion ot -wedses. , 
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Quel. What Is the object fA cutting notcha In teeth? 

Ana. They are provided for the insertion of retaining wedges, 
as in fig. 361; this results in less area at the top of the teeth. 

Ques. How should teeth be proportioned to secure moit 
^Hdent operation? 

Ans. The width of the tooth should be about equal to tht 
width of the slot minus twice the thickness of the slot insulatjon; 




Tics. 3sa to 3Se.— Varioua [armi o 

with panillc] ^At%\ fim. SS? ar , 

re taining wedg*«; fig. 350 enclosed lype •hich : 



t«th: fig. SSA Indined typt '<>^^I * 



that is, the cross sectional area of the teeth should be equal to ' 
that of the slots. 



Advantages and Defects of Slotted Armatures.— Tte ' 

slotted armature, somexVmes c3Xifi6.^^'?w3K)s*sk«natj3jie, after 
its inventor, has the toVio^iVn^aANasLXa^'awia'^cfc^wt^Xk^i^^ 
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1. The inductors are held more finrjy in place to resist stresses 
due to electrom^^etic drag and centrifugal force; 

2. The inductors are protected by the teeth against mechanical 
injury; 

3. Less reluctance of the air gap; 

4. The intennittent induction due to the presence of the teeth 
prevents the fonnation of eddy cuirents. 

5. \\'ben the teeth are saturated they oppose the shifting of 
the lines due to armature reaction. 




hcs. 300 and sei. 



The disadvantages of slotted armatures compared with the 
raooth type are: 

1. Greater hysteresis loss, caused by denser flux in the teeth; 

2. Generation of ctfdy currents in the polar faces when the 
latter are not of laminated construction; 

3. Greater self-induction in the armature coils; 

4. Construction more expensive: 

5. Leakage of magnetic lines through core, exterior to winding. 



The MneratioD of eddy currents in the polar face^ may be o 

by malone the air gap at least 50 per cent, oi tVie &.\amre>aeV»wen'<S* 
\eeih, so niMt the m^nelic line', can 5prtadlT'jTTi\.becijravT^'A'i«\c<?ici, 
and become oearJy aniformlv distributed over \Yie ^\a.i lace^ Vk»:e»;oc. 
IratajfT ibrznieb the core maj- be reduoei Vy aajofil ''i* MMwaS. <*■ 
tmUi abon the ibduciois very snail. 
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Slotted Ciores; Built Up Construction. — In the case <tf 
large dynamos, the core discs are built up in order to reduce the 
cost of construction ; the following parts are used : 



1. Spider; 

2. Core rings split into sections. 



ODD 




Figs. 362 and 363. — Side and end view of built up armature core.^ The sheet metal rinff 
sections containing the teeth arc fastened into dovetail notches in the spider as shown. 
The layers of ring sections are placed so as to break joints and are held by end cUmps 
and through bolts B. Distance pieces arc inserted at intervals to provide ventilatiof 
spaces D, D. D. 

Ques. What is the approved method of core construe* 
tion in large armatures? 

Ans. The core should be of the built up construction to avoid 
waste of material in the stampings. 

Quea. Describe the construction of a built up core. ' 

-Ans. Ring sections stamped Vcom ^^\. Tafc\s5iL w^ ^a&^ftoed 
to a central support or s^dcr, ^>cis2cv «soa^ A %». w«w\s^ 
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with radiating spokes and a rim with provision for fastening 
the rings. The rim of the spider is provided with dovetail 
notches into which fit similarly shaped internal projections on the 
core segments. These features are shown in figs. 362 to 364. 
Each layer of core sections is placed on the spider so as to break 
joints and the core thus formed is firmly held in place by end 
clamps as shown. The manner of fastening the rings to the 




ha. 3U.— Built up 

9fju is provided f « uch 



■pider is an important point, for it must be done without reducing 
the eflfective cross section of the core in order not to choke the 
m^Mtic flux. 

In order to secure a better fit and reduce \\\t tubjAqiwi -wo^i,, ■&« 
^Ader hub in large machines is sometimes cored -wWft criax^FA. wKw:'^ 
be^em tie outer bearing surfaces, and it is not ^l■cv>iSvaai^o ^'^^'^^""^ 
^ -fy^ ^'^'^ ^ t^ d&erenc siies as in &£. ^&, ^o '»aB»-'^ "^ """^ 
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To avoid any trouble that may arise by uoequal ezpaowm, the rim 
of the spider is not made continuous, but iq several sectioas as shown 
in fig. 3o4. The rim here consists of four sections endi of ufaicfa has two 
dovetail notches. By thus dividing the rim into soctionSy its weight 
is somewhat reduced and the ventimtsng qMoes bet we en the sectioot 
increased 



Ventilation. — In the operation of a dynamo more or less 
heat is generated, depending on the load; henoe it is desirable 
that provision be made to carry off some of this heat to prevent 
excessive rise of temperature. 





Pig. 365. — Hub and shaft design on large machines to reduce the marhina work and facil- 
itate erecting. 

Ques. Why do armature cores heat? 

Ans. They heat from these causes: eddy currents, hyster- 
esis, and heat generated in the inductors. 



Que8. How is adequate ventilation secured ? 

Ans, The spider is cotvsXTMe\.^dL ntv\}q. ^ \x!^^ ^s^jkcl ^t^r^s^ ^^ 
possible through whicVi aii cvxctea\& ions^I ^ro^Xfc. -Yta. ^«^ 
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is divided into several sections 
with intervening air spaces D as 
shown in fig. 363, the discs being 
kept apart at these points by ^• 
tance pieces. These openings 
between the discs are called vent- 
ilating ducts; they are usually 
spaced from 2 to 4 inches apart. 



Ques. What other provis- 
ion Is sometimes made to 
secure ventilation? 

Ans. In some machines a 
forced circulation of air is se- 
cured by means of a fan attached 
to one end of the armature as 
shown in fig. 366. 



Insulation of Core. — Before 

the winding is assembled on the 
core, the latter should be thor- 
oughly insulated. Japan or en- 
amel insulation is not sufficient 
because it is liable to have bub- 
bles or minute holes in it, or be 
pierced by particles of metal 
or by the rough edges of the core 
discs. Tvjo ot ■m'SK. X'&.'S'ft-^'s. "^ 
strong papfc, Ko^ii, ca.-K^-^'^ ^"^ 
mica, stiouid \ie a.vV^:«.*- ^ "^^ 
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core before placing; the inductors in position. The ends of the 
core should be insulated with thicker material, since the strain 
upon it is greater, especially at the edges. 




discs am hrld by riui 

of rouiwrflib ' 

wiltunt jIBiiX 



Armature Windings.^Tho subject of windings has been 

fully treated from the theoretical point of view in chapter XVIII. 

It rcmiiinv, ihi-n to ex\i\am \.W ^ttttviut methods employed in the 

shop and the nK'chamca\ dcvvcci v>*'^'i '^'^ tcw&'w»!=s,'<SiR.^.2wBTOs.<^ 

winding adopted. 
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Ques. What Is the construction of the hiductors? 

Ans. They are made o£ copper; the ordinary form consists 
of simple copper wire, insulated with a double or triple covering 
of cotton, and in some cases copper bars are used for large current 
machines. 

Ques. What Is the objection to copper bars? 

Ans. They are liable to have eddy currents set up in them 
as illustrated in fig. 291. 




Tk. 308. — Holier Csbot Iron dad bund « 
lot vsiIilBtion. The advanlB«e af the 
oWl may be replaced in caK df Injury 
held ID place by - ' ' 



Ques. What may be said with respect to the sizes of 
wire used for inductors? 

Aos- Wire larger than about number 8 B and S gauge (.1285 
inch diameter) is not easily handled, hence for large inductors, 
two or more wires may be wound together in parallel. 

According to the mechanical features and manner of assem- 
bling on the core, drum windings may be divided into several 
classes, as follows : 

1. Hand winding; 

2. Bvt^te or butterQy winding; 
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•3. Barrel winding; 
4 Bastard windmg; 
5. Former winding. 

Hand Winding. — The first windings were put on by hand, 
and proved objectionable on account of the clumsy overlapping 
of the wires at the ends of the armature, which stops ventilation 





Figs. 369 and 370. — E volute and "straight out" connectors. In small machines the oonnecton 
must be curved as in fig. 369, but in large machines, e8i>ecially where the teeth are wide, 
they may be straight as in fig. 370. These connectors may take either of the foUowing 
forms: 1. involute or evdute connectors — An involute is the curve drawn bythe extremity 
of a piece of string which is unwound from a cylinder; 2, spiral connuiort — ^Theae oooiist of 
double spirals, the commutator being usually connected to the junction of the two qiinds. 
These connectors are also known as " butterfly " connectors. 

and hinders repairs, while the outer layers overlying those first 

wound, bring into close proximity inductors of widely varying 

voltage. The method \s s\K!(\. >xs»^^ va. ^-^cial cases and for small 

machines. Such a winOitv?. \v^s x^x^-^ . \^ ^N^.\iR«Q.TaaAfe^^^\i 

one continuous wire. 
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Evohite or Butterfly Winding. — This mode of winding, 
was introduced by Siemens for electroplating dynamos to over- 
come the objections to hand winding. It takes its name from 
the method of uniting the inductors by means of spiral end 
coDsectOTS as shown in fig. 374, also in figs. 369 and 370, which 
show more modem forms. 




Ques. What are evolute connectors ? 

Ans. The fork shaped strips used to connect bars at differ- 
(nt positions on the amiatiu«, as shown in fig. 369. 

In large machines, especially where the teeth arc wide, these connec- 
tions may be straight, but in small cc machints they must be curved in 
the manner shown in the upper part of the figure, as the room available 
may diminish by as much as halt, as the lowest point is reached, and the 
room occupied by the strip is the width of a honzonta! section at various 
points. This width, in the case of the stiaij^VA cowwrfvoTia.v^ tawi=.\si.^. 

In place o£ the woodea block, used in earVy maiAvvcv«.,tat \asM«»si*, 
the middle part of the connectors, they mav be an(i««e&. ^» *-'^J^^ 

totod dampiag device built up like a comroaUXnt oai ^^'s ^^°*^ ^^^ 

eaBedaJaiu commutator. 
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Ques. How are the InducttnB arranAed In erolnte 
winding? 

Ans. In fig. 373, it will be seen that the ends of the evtdute 
connectors lie in two planes, hence the inductors must project 
to different distances beyond the core. Accordingly, one long 
and one short bar may be conveniently placed in each slot, dde 
by side. In large machines, especially where the teeth are wide, 
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the connectors may be straight as in fig, 370. Evolute con- 
nectors ina.y be used for either lap or wave windings- 




Barrel Winding. — This is a form of drum winding in which 
As inductors are arranged in two layers and carried out obliquely 
«i an extension of the cylindrical surface of the drum to meet and 
(DHnect u-ilk radial r 




Pics. 37S and 378. — Siiw/i /aytrand douhit layer bamAwnding. Banc\'''m*™»i'\»*-'™ 
^ mrMmagUit rndt of umataiB coils its they pass tromone viAi '.n\'»«™^i-''>-^; 
£^ ^^J^:;^ "' '^"C^? connection;. Shaped «>4 ^u«ei;™» «* v»* 
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Band winding has been very widd/ adopted. Altboasfa tt iimilvM 
an inoreaaed length of armature, this gives ■HHitinjM.l ccxiling wirfaee and 
provides for ^pod ventilation. 

In barrel winding, the coil ends must of uecsaaiLy be amised in two 
layers but the method may be used for rither oaa or two OM per dot, 
tlie difference in anangement for thcae tm CMca bemg ahown in figs. 




375 and 376. In the single layer barrel winding, fig. 375. each dot it 
occupied by but one side of one coil. In the douUe layer barrel winding, 
fig. 376, the opposite sides of two separate coils occupy space in the same 
slot. The coils, on emerging from the slots bend in onxisite directions, 
and if one side of a coil occupy the bottom portion of a dot, its other 
side usually occupies the top portion of a slot distant from the first slot 
by the polar pitch. 

Bastard Winding. — ^\ti ttvis ^-j^ of winding, the end con- 
nectors project from Itie maactoR. '-m- ^.-^ii:^ ^iaaa. i;?mM 
to the shaft aad x^ea a«i ^ws*. -fflw^^ ^^.\»s» 
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effect of being somewhat shorter than the barrel winding. In 
order to secure better ventilation, it is usual to combine a 
bastard winding at the rear end of the armature with a barrel 




Pk. 378.— Kcu end of WaCinghi 



winding at the commutator end. This class of winding is used 
only with bar armatures. 

Former Winding. — This relates to a method of winding 
coils, and not to any particular type; that is, mechanical winding 
as distii^uished from hand winding. While hatvd "nvtAvn^ 'la, 
necessary /or ring armatures, a drum arTcva\,uT& \?, "«'3vwi&.>aRi^^sK 
and mare easily by the aid of macl:unerv - 
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Oues. What is a "former** coU? 

Ans. A former coil, as its name suggests, is one that is wound 
complete upon a former before being placed upon the armature. 

Ques. What is the advantage of this method of winding 
coils? 

Ans. By the use of formers much time is saved, thus reducing 
the cost, and also by their use all the coils are symmetrical which 
improves the appearance of the finished winding. 





Figs. 371) and ;i*si). — Diagrams illustrating lap and wave barrel windings. 

Ques. How is the required shape of the template or 
former for winding the coils determined? 

Ans. By windinj:^ one coil on the annature in order to ascer- 
tain its dimensions and shaj^e; it is then removed from the 
annature and used as a pattern in constructing the former. 

Types of Former Coil. — Of the numerous shapes of former 
coil, mention should be made of: 

1. E volute coils; 
2. Strai^^ht oul co\\ 

Ques. Describe tVve cvoVut^ t^^e^ ^V Vsfrc&Kx ^sS^. 
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Ans. The evolute coii is wound around eight pins inserted in 
i board as shown in fig. 381. The required number c& turns are 
taken around these pins and their ends G and H left projecting, 
rhe coil thus formed is now covered with tape and after re- 
noival from the board, is put into a clamp at C and P. and 
>pened up as shown in fig. 382, which is the form required for 
Bsertion in the proper slots of the armature. 




rf Trlndina evolute coili. InprepBung the fomier.It ii naefary to Imoir 
tfonacf the caUpbaice, a pattern coil muat nnt be made, from which tho ipacinif 
u can be tak-n «> that the completed coil vrjll lit into the bIou for vhich it i> 
After the plni have beta properly gpuxd on the board, the wire ia wound 
■nmu uiem aa indicated, oa mnnv lumc beinc tnl:en ^^ decided on (or each coil. Wtien 
the coiliatliuaeDnipletely wound, it iitakenlrom the pini, and the lower ends. C and F. 
placed in a luitabfe clamp. The ',na halves of the coit are then ipiead apart, the coil 
***""ii'*g the ahape illustiated in fia. 382. 

V^ 382. — App — 

'a *i.>^iHr pointa in fig. 3^1. 



und coil opened out. The poinU A, B, C, t 



Ques. What is the peculiarity of the evolute coll? 

Ans. The two sides of the evolute coil have unequal dimen- 
tions. The part marked AB, in fig. 381 which is an upper 
layer inductor is longer than the part DE, which constitutes a 
bwer layer inductor. The portions DC and EF act as parts 
« an inner layer of evolutes, and the portions AP and BC as 
Parts of an outer layer of evolutes. These features are shown 
tUfig. 382. 

Quea, fftnr are evolute coils placed oti t\» cns^ 
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Ans. They are placed in portion as shown ia figs. 372 and 
373, continuing around the core until all the slots are filled to 
complete the operation it is necessary to raise some of the first 
laid coils and insert the last ones below them. The winding 
is thus completed and is symmetrical. 




A buUrd windint it I 
end a> »hown !□ tu iSi 



Ques. Describe the method of winding the "straiftbi 
out" type of former coil. 

Ans. The straight out coil may be wound on a former such 
as shown in fig. 384. This consists of a board having four 
upright pins, A, B, D. E, properly spaced and two horizontal 
pins C, F, attached to extensions at each end of the board. A 
coil of the required number of turns is wound around these pins 

and then opened out as m fi^. "iWi. M.\^ -vainishing and baking 

it IS ready to be p\acc4 ot\ \>:tfc :arma.x.\K«. 
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Ques. For what class of winding are straight out 
^— ~— coils suitable? 



Ans. For barrel winding. 




-Method of winding "straight out" coils. There are several ways of making 
coils. A fonner may be prepared, as shown in the figure, with a board having 
inserted four pins, and having attached two blocks at the ends carrying horisontal pins 
as shown. Around the several pins, the coil is wound to the required number of turns 
and taped. This coil differs from the evolute coil in that the two halves are of equal 
sise. the parts which act respectively as upper and imder inductor being of equal length. 
The coil as shown is suitable for wave winding. 





1^ 385.— Appearance of straight out coil after being opened 
the t|<f« CwcdA P are fmt into a clamp and twisted at nsh 
Tlie letters eonttpoadto the points indicated in fig. 384. 
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QuM. How are straight out coils placed on the core^ 

Ans. In the same manner as described for evolute coils; 
when in position straight out coils appear as in fig. 372. 

Ques. What is the approved method of putting tape 
on a ci^; 

Ans. Considerable time is saved by the use of a macMse 
1 im the purpose, such as shown in fig. 387. 




Plc. 388.— An( 



The construction ot these niachinw is such that a roll of tape pla«H 
on a split mctat ring is revolved around the coil to be taped, the cdl 
being gradually moved until it is entirely covered. 

Coil Retaining Devices. — In the operation of a dynamo 
there are two forces which tend to throw the inductors out of 
position: 

1. Armature drag; 

2. Centrifugal force. 

Both of these forces are present with smooth core armatures, 
but only centrifugai iorcc wvV. s\o\.x^&. a.iTOa.^Mses. The devices 
used to hold the inductors vti vo^v^Ao■^^.■s3im3.■Cwsfc\.-«5*s.w. 
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1. Driving horns; 

2. Binding ribbons; 

3. Retaining wedges. 

Ques. What are driving horns? 

Ans. They are simply pins or strips projecting from the 
surface of a smooth core as shown in fig. 251. 




Pig. 387. — ArznAture coil taping machine. Numerous machines have been invented for taping 
armattire coils. They consist essentially of a device which revolves a roll of tape around 
the coil, in such a direction that the tape is unwound from the roll and rewound on the 
coil. Tlie speed at which the coil is f^ through the machine will determine the over' 
lapping of the tape. 



Ques. What other kinds of retainer are used on smooth 
core armatures? 

Ans. They require several binding ribbons or brass* VwceAs. 
L placed around the winding to prevent tVie mA\ie\,oTSi\^T^^*Occt^'^^ 
off the core by centrifugal force. 



i 
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Ques. With slotted armatures what provUion must be 
made for retaining the Inductors in position? 

Ans. Retaining wedges must be inserted into the notches or 
between the projecting tops of the teeth. 




Ques. How are the wedges made? 

Ans. They are usuai\y ma-da ot -wdl baked bard wood, such 
as hornbeam, or hard vjVvv^* vxica-iaiR^ ^ioia. 
springy strip of German si\vet \s msr4. 
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CHAPTER XXIII 

MOTORS 



An electric motor is just the reverse of a dynamo; it is a 
machine for converting electrical energy into mechanical energy. 

The electrical energy deUvered by the dynamo must be 
obtained from a steam engine, gas engine, or other power; 
the mechanical energy obtained from the motor comes from the 
energy of the current flowing through its armature. 

Ques. What is the construction of a motor? 

Ans. It is constructed in the same manner as a djmamo. 

Any machine that can be used as a dynamo will, when supplied with 
electrical power, run as a motor, and conversely, a motor when driven 
by mechanical power, will supply electrical energy to the circuit con- 
nected to it. Dynamos and motors, therefore, are convertible machines, 
and tibe differences that are found in practice are laigely mechanical; 
they arise chiefly from the conditions under which the motor must work. 
Hence, the study of the motor begins with a knowledge of the dynamo, 
and accordingly the student should understand thoroughly all the 
fimdamental principles of the dynamo, as already given, before pro- 
ceeding further with the study of the motor. 



Principles of the Motor. — ^All the early attempts to intro- 
duce motors failed, cbieSy because the \a^ ol \>cv<& coTs^xN'^io^'^ 
of energy was not fully recognized. Tbis \a^ ^\,a\j^ >JccaX w««^ 
awf ^wwjfer ^ created nor destroyed. 
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Early experimentors discovered, by pladng a galvanoiBeta 
in a circuit with a motor and battery, that, tdien the maiar was 
running, the battery was unable to farce thraugfi the wires so strant 
a current as that which flowed when the motor was standing stilL 
Moreover, the faster the motor ran, the weaker did the current 
become* 






N 



Pig. 3^. — Conductor, lying in a magnetic field and carrying no current; the field it not 
distorted whether the conductor be at rest or in motioa. 



Ques. Why does less current flow when the motor to 
running than when standing still? 

Ans. Because the motor, on accotmt of its rotation acts as a 
dynamo and thus tends to set up in the circuit a reverse electfo- 
f olive force, that is» aiv e\ec\.TOTcvo\;\N^i^T^»vTL^V5W8^^^fi^^ 
^ the current whic\i is divnn^ >Jafe tdk^oc- 
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Ques. What is the real driying force which causes the 
armature of a motor to rotate? 

Ans. The propelling drag, that is, the drag which the magnetic 
field exerts upon the armature wires through which the current 
is flowing, or in the case of deeply toothed cores, upon the pro- 
truding teeth. 

The PropeUlng Drag. — In fig. 389 is shown the condition 
which prevails when a conductor carrjdng no current is placed 
in a uniform magnetic field. The magnetic lines pass straight 
from one pole to the other. The field is not distorted whether 
the conductor be at rest or in motion, so long as there is no 
flow of current. This represents the condition in the air gap 
of a motor or dynamo, when no current is flowing in the arma- 
ture. 

Ques. What happens when a current flows In the 
conductor of fig. 389. 

Ans. It sets up a magnetic field of its own as shown in fig. 
390. 

Ques. What is the effect of this magnetic field ? 

Ans. It distorts the original field (fig. 389) in which the 
conductor lies, making the magnetic lines denser on one side 
and less dense on the other as in fig. 390. 

Ques. What is the nature of these distorted magnetic 
lines? 

Ans. They tend to shorten themselves to their original form. \ 
ci straight lines. 
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Ques. What effect has thU on the conductor? 

Ans. It produces a force on the conductor tending to push 
it in the direction indicated by the arrow, fig. 390. 

The distorted magnetic lines may be regarded as so many rubber 
bands tending to straighten themselves; The result then is deariy to 
force the conductor in the direction indicated. 

According to l/enz' law, the direction of the current in the armatuie 
of a dynamo is such as to oppose the motion producing it. When the 
annature of a dynamo is rotated, the bending of the lines of force <i 




the roain magnetic field due to armature reaction acts as a drag against 
the motion of the armature. Armature reaction indcases witb the 
increase of the armature current. Therefore, the effect trf the drag 
increases with the increase o(\Dadajti4T«apH«6aa.a&^V'ic(Dale*(widitoiB 
o/ power to drive the armaVwre. , ^ , 

In a. motor, the direction ol tt« '"^^^^^t^^^SJ^^^ST^^l 
that of the amature wrtent ol a. 4-r«Ht«. «M««i«iasi«'** «-!««" 



KSCtioiiwhichconstitutesadrag.acting against rotation of the armature of 
adynamo, becomes a pull in the direction of rotation of the armature of 
a motor and constitutes its real turning eSect or lorque which is used 
at the pulley to do mechanical work. The greater the load applied 
to the motor, the ereater will be the amount of current taken from the 
supply msinSi and consequently, the greater the torgue. 




d 3B2.— AeUoo of th« 
, acGordiiv to Leiu' lui 



tba flEtu^TtEe direction o[ the force i> clearly indicated by reniemberina that the 



diftorted 



Ques. What are the essential requirements of construc- 
m in a motor? j 

Ans. They are: 1, a magnetic field, 2, conductors placed 
rpendicular to the Geld, and 3, pto\iS40a icff tno^Msft. ^ "^ds. 
\ductms across the field in a directioa -^erveoi^oc^at \a>»:i*^ 
aaelves and the £eld. 
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The Reverse ElectromotiTe Force.— When an electric cur- 
rent flows through some portioii of a circuit io which there is an 
electromotive force, the current will there either receive or give 
up energy, according to whether the electromotive force acts 
witii or against the current. 

Thii is illustrated in fig. 395, which repreaeiita a circuit in iriudi 
tberft is a dynamo and a motor. Each u rotating clockwise, and 
accordingly, each generates an electromotive force tending nprnid 




Flc. 893. — Force eiertcd 



from the lower to the upper brush. In both cases the ui»per brash is 
positive. In the dynamo, Viowevcr, where energy is being gnpplied 
to the circuit, the e\ecltQmo\A-^e VOTt»"ia"\^'eoft»n«.aiMctM]oas the 



to the circuit, the eieci.tQmowie ioti« is ™. \.He w&k ohb 
current, and in themotoi, ■«^w*T"'^1"^!f^'S;^!^ 
force is in the reverse ^ie<;\Jo^to *«*■ ^^ "^^ ft.-r°»^- 




Tom marked i 



It tbt flux 
Tht rjnusl flow 



the unw R. Al the am tunri, the upper wire of the loop will c 

pole (rf tbe field tMBnet. and th( "•-— -■-■- -' -' - ■ 

potc Tbe result wSH be the ind 
difcctiasi bcinB indicated by the i 

thfi l&Iter ii propmlioiiAl to the Bpe«d t 
winsADd the strovth of the truffnetic: flek 
the pole faces. The speed o^ 
dindly with the tfvitk eli 
■tnoaer the 6e1d. the slower the ipMd. 
t» tbepcnnt when; tt- ' 

■ * "^ * ' uiy wojieninff of the field will reduce 

if a motor armature it directly piupor- 

„ the strength of the armature current, 

iduettrrs being fined. In a Ee]d ofconitanl itrHigth. thenJm, 

(be pull of the amiatun dc^Ksdani the ■mount of conent ^tutmv.'iVTTru^ "i^k '~S!?''^3fc, 
Tha tonjitf BBUt be nut sufficient to o-nrrmmr thr \naA'. il \n ev«&. 'um ^**A w^ 



(uirplied with current at constai 

Weakening the field will incre 
•- electromotive force due lo Ih 



am fiied"^*^ 



1e mapietlc I 



e >iist suffidtnt ti 
- KO( there 



Jpma te of ^ aJ hiawaaet tbe kmd totheoobt 

'^jgg*°g'"^fF»'fflrf™t for the JdS.^ 1 

- "■"""■iBr (Be motor b runntnc <■> * 



coMUnt vdUacB <i><:^*'" 
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Ques. Describe similar conditions which prevail ix 
operation of a dynamo. 

Ans. When no current is being generated by the dyn 
little power is required to drive it, but when the external ci 
is closed and current is forced through it against more o) 
resistance, work is being done, hence more power is reqi 



eeNCRATOH 



MOTOR 







through Kmu 
ill the™ either 

Bie mutinB cIockwiK. ui 
irom the toni bruth to the 
In the dynuno, where er 

y ii leaving the droiit. the ■ 



In other words, there is an opposition to the mechanical 
applied at tlie pulley wMcb. k ■^To^ortional to the electric p 
delivered by the dynamo. ATvov^^asixvfteaR.'C-tfKi.aiiwiCTw 
then is set up in a dynamo wticn, A ioes "«<:rcV. 
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Ques. In the operation of a motor what is the nature 
of the reverse electromotive force? 

Ans. It is proportional to the velocity of rotation, the 
strength of the magnets, and to the number and arrangement of 
the wires on the armature, that is, the reverse voltage depends 
on the rate at which the lines of force are cut. 
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Pigs. 306 and 307. — Water and electric circuits. Diagrams showing comparison between wate. 
motor and electric motor. 

In the diagrams : 

The Dump 



The high level pipe 

The low level pipe 

The valve 

The water motor 

The water pressure (called head) 

The flow in gallons per minute 

The nxe of pipe 

The foot pounds 



corresponds to the dynamo 



II 

14 



positive conductor. 

negative conductor. 

switch. 

electric motor. 

electric pressure (called voltage). 

amperes. 

sise of conductor. 

watts. 



The greater the difference between the height of the two pipes the higher the pressure, 
and the greater the difference between the pressures of the two conductors the Ki^hec ibA 
voltage. The larger the diameter of the pipes the Veaa Teda\axvc« \* cSL«wA. Vi >2ckfc^ts^ <^ 
water, and the larger the diameter of the conductors the \e» tcasXaxvRfc v^ o'^«w^\.^^«s» 
aow of eJectridty. The more water reqttired by the vratet viVvetX, >^^ xMst^ "^^"^!^Ji«t. 
rwjuuvd to drive the pump. The more electricity reouked. "by Xba moVw vafexows^ V*^ 
/# required to drive the geDcrator, 



Ques. Describe an experiment which shows the exist- 
ence of a reverse electromotive force In a motor. 

Ans. The apparatus required consists o£ a small motor, 
battery, and ammeter. They should be connected in one cir- 
cuit and the deflection of the ammeter observed when the arma- 
ture is held stationary, and when it rotates with various loads. 



IB. 2 12.2 




Sk. »».^P«ltt«nl™-Mor« field coil ind polt piece The field coili are wound upon iron 
famu, «uh Uycr tnated with innilsling compound, Afterwaxd they an mnavid (lom 
the fomu and baited haid and dry and finally wrapped with innulHlinfl materiAli ; alJ 
lait tlu three imaller Riiei are wrapped with a protecting cord. The aerie* and ahunt c^a 
npound winding here shown ore wound separately, the Hinaller one bemji the 



Apparently, tE the motor had been helped on to run at 261}^ revolu- 
tioDS per mmulc, the current would have been reduced to zero. In 
ttie last result obtained, the current of 5.1 amperes was absorlied in 
driving the armature against its awn friction at the speed of 195 rcvolu- 
tioDS per minute. 

Ques. Explain the action of the current supplied to a 
motor for its operation. 

Ans. The motor current passing through the field magnets 
polarizes them and establishes a magnetic field, and en.tc.rin.?, 
the annaturei./xiZaiwes its core in such a ■wa.v XVaX ^.\» \r»^'^'** 
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pole of the core is a.way from the negative pole of the magnetic 
field, and the negative pole is away from the positive pole of 
the magnetic field. The magnetic repulsions and attractions 
thus created cause the armature to rotate in a position of mag- 
netic equilibriimi or so as to bring its positive and negative poles 
opposite the negative and positive poles respectively of the 
magnetic field. It is evident that unless suitable means were 
provided to reverse the polarity of the armature core at the 






Pio. <00.— F«irbiuik».Mrjr 



I for TM H.P.. 1300 R.P.M.. TR type motor. Tin 
HrmBiucc cDiE >i DuiK up Di [mil ^eet tlnl Uminationi *-JIh notdies In the rircMmlaaia. 

aln cvtHcs Ihe cmnntuialor, msking the two parti entirely Klf-conuined. vxi with lUi 
ronilniction. ic 19 possible to remove the Hrnuturr shaft, without distmbiog the am. 

from the aurfHce to the central openiiur of the covr, so that air it di«wn thnjugh the core 
and blown out over the windinai by t£e [evolution of the umature- 

instant it reached the position of the magnetic equilibrium, the 
armature would not rotate any further. The construction is such 
that the polarity of the armature core, or the direction of the 
current in the armature coils is reversed at the proper instant 
automatically oy the commutator, thus giving continuous 
rotation. 



Direction of Rotation ol WototE. — In the case of either 
a motor or a dynamo used asatt\QXOT,'OQfe«a^K&'OT.\R.'«"tii!iti-^ift 
armature will rotate is easSiv icM■Di^:.'J ^ V&. ><=«»^ t^ . 
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illustrated in fig. 411, when the polarity of the field magnets and 
the direction of currents through the armature are known. 

Ques. How may the rotation of a motor be reversed? 

Ans. By reversing either the current through the fields, or 
the current through the armature. 

Quea. What will happen if both currents be reversed ? 

Ans. The motor will run in the same direction as before. 



4- 




Fig. 401. — Fairbanks- Morse wire wound armature coils. These coils are form wound and are 
tbonmghly insulated and baked before assembling in the slots. Material of great mechan- 
ioU strength as well as high insulating value is used, and the coils are subjected to dippings 
in insulating compound and to bakmgs, thus driving out all moisture and making a cdl 
^Hiich is practicauy waterproof and which will withstand rough handling. These coils, 
wiien complete, are placed in the slots, where they are retained by bands on the three 
smaller sizes and by hardwood wedges on the larger sizes. 



Ques. What is the effect of suppl3ring current to a 
series djoiamo? 

Ans. It will run in a direction opposite to its motion as a 
d3mamo. 

Ques. What is the result of reversing the direction of 
current at the terminals of a series motor? 

Ans. It will not change its directiotv ol to\.^.\-\aa^ ^ssnk^ *<icifc 
current still Sows through the armature m \)ae ^axoR ^^^^"^^^ 
tbraugb the Geld, 
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/naon. 

when the direction of roi 
lie iime. Upon this det 
Of « macbine when acting 



,i^"J»9.'«K« W»- "i"- *» 



Ques. What Is the behavior of a shunt dynamo when 
used as a motor? 

Ans. Its direction of rotation remains unchanged. 
Ques. yfhy Is this? 

Ans. Because if the connections be such that the current 
supplied will flow through the armature in the same direction 
as when the machine is used as a dynamo, the current through 
the field will be reversed, since the field windings are in parallel 
with the brushes. 




Plact Ikt Ufi kCHj. VI 

'nU.llu 3rd. 4lh and sth f»tt" '■■ 



Armature Reaction in Motors.— In the operation of a 

motor the reaction between the armature and field ■ms.'oaja ' 

J distorts the Setd in a similar manner as m XVt cf?«co!J<R'^ 

a^a dynamo. A current supplied from an OMtsiAa sswi'^ laaS.- 

- '— £&e annattav of a motor and ua»sloCTQS "■*. 'oi^ ' 
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elecbomagnet, whose poles would lie nearly at right an^es to 
the line joining the pole picxses, were it not for the fact that 
ntgativt lead must be given to the brushes. 



deeieM£n>m the neutnl plane. 

If thebnuhesbegivenpodtiT , , ^ 

neutfal [duM M tte ^r«(4*m 0/ roMMoti, the croM DU^poetiaiig Eona u 



« brushes be riven podtive lead, that ia, placed in kdwice of tt 



verted into one ttiat tends t 



if they be given imi^ve lead, it tends to 



that of the field 



afiddmsi 



94^h 




a. 413. — Prindnle of the electric motor u UluMniled bf experiment abottinK albct at > 
DUaiielic field on ■ wire cuTyinc ui electric cuirent. Let t, mrtial win st be ri(idlr 
attached to a horiiontal wirerU, and let the latter b« wpported by a iIdb or other BMUUk 
■upport u ilioim. k that aba free to oicillate about (t a* an aaa. Let the lower end of 
ab dip <nID a tiouah a\ meri^uTy. When t, macoet la heU In the jKNitioo diown and ■ 
cuTTCct from a cclUs Knt through the vire ai indicated, the win wUTmon in the directiu 
ihown by the arrow /. that is. at right anslea to the diT^ction of the linea of mavietic feed' 
Let tbe direction ol the current in the irire be revensd. then tbe dlrectioo of the («« 
acting on the wire will be found to be revensd sin. Tbe concluion 1* that a «>r< ctrrfiu 
a cuntnl in a magmlicirld Itnds to man in a direction al rilU sufiu balk la l)u dinMm 
of Ikt fild and lo tkt dhiititm of liu ctirrim. The relation betweeo tb* dinctioo al tbt 
masnetic linee. the direction of the current, and the diraction of th« force, la of ten rcmffl- 
bered by meant of the following rule, known aithe notar raJi. and wliich diflara fron tb> 
dynamo nile only in that it ii applied to the finffen of the Itft hand inttit^l of to tboae « 
IheriEht. Lit thtfarcfinttraf Ike Ufl hand paint in lludirtctionoflktimMtnMtUntnHIti' 
and lit middU Unitr in lilt dirtctitni oj Ikt CHrrml itnl Ureat* In ifiri, (bw •« U( (liMt, 
01 riiU anfia lo Mr olka (vo fintoi, foinl in On dirttbm In iMth On win it mfd. 

Since with positive lead the armature polarity strengthens that <i 
theSeld magnet, k\spo^bW,di5t«%udinKgparkinK, to operate a motor 



Attract ittrtf towMda tiaa vofl.'iCKfi. via- 



Ques. What effect has the cross ma^etiztnt fcn-ce on 
the field? 

Ans. It tends to shift the field around in a direction opposite 
to that of the rotation. 

COMMLtTATlNG FL«NE 

ANGLE OF NEGATIVt LHD 

NORMAl NfUTRAL PLANS 




tend* t< 



il W which U Ascmdioff. 

■cuiled by ifrTbnHh, the 
pasajnc t^Tough a field that is not only lurlicienlly atTona but one thftt 
K the dinction of iti current. The coii ii alreuty [n auch a field, hence. 



t be ihifced backward, that 
d of beioK placed in adiani 



a* in a dynamo. 



Ques. What are the conditions of minimum sparking? 

Ans. The same conditions must obtain as in a dynamo, 

that is, the current in the coil undergoing commutation must be 

brought to rest and started again in the opposite direc^on. 

■ This involves that while the coil is short, OTC\tt\eA\i'3 ■Ooft.^st-a^a-. 

' Jt should be passing through a fie\d ttiat ten-is ^» ■tc-jwsr. "^S** 

direction of the current. Since the coVX \s 5iieaA"3 'va- ^''^^ ^ 
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field, the act of commutation must take place before it passes 
out of this field. Accordingly, a negative lead must be given 
the brushes. 



Method of Starting a Motor. — Although motors and dyna- 
mos are practically similar in general construction and either 
one of them will act as the other when suitably traversed by 
an electric current, there are certain differences between the 




connections and accessories of a machine operated as generator 
and one employed as a motor. For instance, when a machine 
is operated as a dynamo, it is first driven up to speed until it 
has excited itself to the right pressure, and then it is connected 
to the circuit; but when a machine is used as a motor it will 
not start until it has been connected to fhe circuit, and this 
must not be done until the proper precautions have been taken 
to ensure that tlie current, which will pass through it when so 
connected, will not be excessive and thereby result in serious 
injury to the motor. ¥ot \.\us ie.asK.Ti, a. iheostat or variable 
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resistance, commonly called a starting box is usually inserted 
in the armature circuit of a motor to prevent an undue rush 
o£ current before the motor attains its speed, and subsequently 
the speed is regulated by the cutting in or out of the circuit 
of certain extra resistances which constitute the contro ler used 
on a series motor requiring variable torque at variable speed, as 
in the case of elevator or e!ectric traction service. 




wfafiA receive m'Htile MtHition »> Vhew. •p™"' »" ' 
of dsTicea tot keepiiu oil And orfiaK out of the case. 
tA the ci^ end praducc ■ptrkine hi the conunutati 
oa the duft, and thcK diic^iigc into chamUrx conpi 
to 0*060* on the tnck. The bcarjugi an made le 
dov or *icki ud «iU mo for week! witlunit fttteDtum. 
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Classes of Motor. — Motors are classified in the same manner 
as dynamos. The fields may be either bipolar or mtilti-polar, 
and with respect to the type of armature winding employed, 
motors are classed as: 

1. Series wound; 

2. Shunt wound; 

3. Compound wound. 



ARMATURE 



FIELD 




OFF roSITION 

o 

RHEOSTAT 



Fig. 416. — Series motor connections. A series motor on a constant voltage circuit does not 
have a constant field strength, and does not run at uniform speed. Ii the load be taken 
off it will run at excessive speed. To start the motor, the circuit is completed through 
a variable resistance or rheostat by moving the switch S so that the resistances R. Ri. 
Rs. Rs, are gradually cut out of the circxiit. To stop, the switch S is moved back to its 
" off " position. 

Series Motors. — A series motor is one in which the field 
magnet coils, consisting of a few turns of thick wire, are con- 
nected in series with the armature so that the whole current 
siipi)lic'(i to the motor passes through the field coils as well as 
the annatiire. Fig. 416 is a diagram of a series motor showing 
the connections and rheostat. 



Ques. What are the characteristics of a series motor? 

Ans. The field strength increases with the current, since the 
/attar /lows through, the rcv^^tv^eX. c.qS^, "ttiive tootor be run on a 



anstant voltage circuit, with light load, it will run at a very 
igh speed; again, if the motor be loaded heavily, the speed will 
e imich less than before. 




wuruiml, _ 

bearing*. »nd qommuCalors. and decrebsed bmah 
■Mcdi d that motor* «re of importance in that they | 
<fircctl7 to ordinAry ftlow Bpeed lin<; flhaftina vitfaoi 
rfkAftiog. When motors are Beared to heavy duty 
imctice to wppiy ar oulluard bearing to take up the 



n the gi 



lerate roeedi. It ii of multi 
rei of ilov speed Tnachtner 
" - ureilowipeedti 



belting or (rearing the motori 

mac^nes. it ii coniidend better 
additional strain 'd:iat would other- 



Quea. Fot what kinds of service are series motors 
mwalted? 

Ans, Series motors should not be employed where the load 
nay be entirely removed because they would attain a dan^etx»i& 
■peed. They should not be used for driviiv^\>^ toftans. A\j^*^ 



870 



HAWKINS ELBCTRICmr 



because a cudden release of the load due to a mishap to the belt 
would cause the motor to "run away/' 

Very small series motors may be used with belts siooe their com- 
paratively large frictional resistance represents an appreciable load, 
restraining the motor from reaching a dangerous qpeed. 

Ques. For what senrlce are aeries motors adapted? 

Ans. For gear drive. 

■. ^ 

In the case of a sudden release of the load the gears provide jnioe load 
on account of the frictional resistance of the gear teeta. 



ARMATURE 



i 



FIELD 




RHEOSTAT 



Fig. 418. — Shunt motor connections. A shunt motor runs at constant speed on a constant 
voltajse circuit. In connecting the motor in circuit, the field coils must be placed in ' 
circuit first, so that there is a certain amount of field strength to produce rotation of the 
armature and thus prevent excessive current through the armature. If the field mag- 
nets were not put in the circuit first, the armature, at rest on receiving current, woald 
probably bum out, because it is of low resistance, and would take practically aU the 
current supplied, especially since no reverse voltage isjrcnerated in the armature at rest 
The method of starting is shown in the illustration. To start, the twitch is dosed, and 
the rheostat lever pushed over so as to make contact with A and B. thus first exdtinf 
the magnets. On further movement of the lever, the rheostat reaistanoes R, Ri. Ri 
R«. etc., are gradually cut out as the speed increases, until finally all tite reaiitaiiot 
coils are cut out. To stop, the lever is brought back to its original poiition. 

Ques. What advantage is obtained with series motors 
with respect to the connections? 

Ans, A single wire otvVv piocfefe^ VtopKv N3c^ x\\eostat to the 
motor, so that, withtVieTe\.\rro.^«Ss^,ox^^^:^^^^f«»&^^ 



■v^. ■. .■> 
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Ques. For what service are series motors specially 
adapted ? 

Ans. Series motors are used principally for electric railways, 
trolleys, and electric vehicles, and similar purposes where an 
attendant is always at hand to regulate or control the speed. 
They are also used on series arc light circuits in which the current 
is of constant strength. Very small motors are generally provided 
with series windings. 



i| ARMATUR 



FIELD 




RHEOSTAT 
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419. — Speed regulation of a shiint motor. The speed of a mo .or depends on the voltage 
of the current supplied and the field strength. The motor tends to rotate so fast as to 
produce a reverse voltage nearly equal to that supplied to the bntshes; hence, the speed 
varies with the voltage supplied. By decreasing this voltage then, the speed is decreased. 
Accordingly, the spe^ °^^ ^ reduced by inserting, by means of a rheostat, a resistance 
in aeries with the motor. By inserting this resistance in the field circuit, the voltage at 
the terminids of the motor is lowered, thus giving the condition necessary to reduce 
the speed. The amuogement for speed regulation shown in the figure deludes a start- 
ins regulator and a shunt regulator. 



Shunt Motors. — A shunt motor may be AeSxife^ ^& ^"^^ ^'^ 
whicb the £eld coils are wound with matvy \.Arnt\s oi ^otks^^^'^- 
velr £ne wire, connected in parallel mt\x X^^ft \>t>>^^- "^ 
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current then is ofTered two paths: one through the armature, 
and one through the field coils. 

Ques. What may be said with respect to the speed 
of a shunt motor? 

Ans. It is practically constant with varying loads. 

The variation of speed ranges from -j^ to 5 per cent., except in the 
case of small motors, in which the variation may be much greater. 

Ques. How should a shunt motor be started? 

Ans. To properly start the machine, the field coils must be 
fully excited. 

It is, therefore, necessary to switch the magnet coils immediately on 
to the voltage of supply, while a variable resistance must be provided 
for the armature circuit. To get both connections at the same time, 
rheostats for shunt motors arc arranged as shown in fig. 418. 



Influence of Brush Position on Speed. — In the case of 
a shunt motor supplied with current at constant pressure, the 
speed is a minimum when the brushes are in the neutral plane, 
and the eflfect of giving the brushes either positive or negative 
lead is to increase the speed, especially with little or no load. 

Ques. Why does the speed increase? 

Ans. When the brushes are shifted from the neutral plane, 
the reverse voltage between the brushes is decreased, speed 
remaining tmchanged. Accordingly, the pressure in the supply 
mains forces an increased current through the armature thus 
producing an increased armature pull which causes the s^^esd. 
to increase until the reverse voltage readcve^ ^ n^Sinm^ ^oSssrsKct^ 

Jarg^e to reduce the current to the value xecgiae^ Xo ^o^'sJ^ "^ 

necessary driving torque. 
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Compound Motors. — This type of motor has to a certain 
extent, the merits of the series motor without its disadvantages, 
and is adapted to a variety of service. If the current flow in 
the same dir^tion through both of the field windings, then the 
effect of the series coil strengthens that of the shunt coil; this 
strengthening is greater, the larger the armature current. 
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Pig. 426. — Compound motor comicctions for starting from a distant point. A compound 
winding may be used on motors for many different purposes. If the current flow m the 
same durction through both windings, then the effect of the series coil strengthens that of 
the shunt coil. This strengthening increases with the load. Thus the motor gets, st 
increasing load, a stronger magnetic field, and will therefore, if the voltage remain coostaot. 
nm slower than before. Accordingly, for a given current, the starting power will be 
greater than that of a shunt motor. With a decreasing load the motor will run faster. 
The compound motor has, to a certain extent, the merits of the series motor without its 
disadvantages. By means of coir pound motors the starting at a distance with only two 
mains may be effected, just as in the case of the series motor. The ccnnectiotis are diown 
in the diagram. If the motor be regarded as being without the shunt coil, then it is con- 
nected up exactly as the series motor in fig. 410. The current coming from the starter 
enters the series coil at F, flows through the series coil and leaves it at E, flowing fnm 
there to the armature brush B, through the armature to brush A, and from there tluough 
the second main back to the generator. The shunt winding is connected directly with 
the armature brushes A and B, and gets at starting, therefore, ooly a very small voltage, 
hence its field is nearlv ineffective. But on account of the series winding, the motor starts 
as a series motor. ObviouBly such a motor will not develop a very large starting power 
like a real series motor, for, on acccAxnX ol ^^ \M^Bt ^j^ac^ oceui^ied by the ihimt coils, 
there is leas space available lot tVve «enc» cqv\%>2nMk;wSfici\^uag«^xpti^Kft^ IvgaaBBywind 
motor itiAy, however, even wi^Vi^ka «^^^'*^'^'^h^*'SSL;S^^'^SSSL^^ 
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Ques. Mention some characteristics of the compound 
lotor. 






i Ans. Since it is a combination of the shunt and series 

i types, it partakes of the properties of both. The series wind- 

;' ing gives it strong torque at starting (though not as strong as 

in the series motor), while the presence of the shunt winding 

prevents excessive speed. The speed is practically constant 

under all loads within the capacity of the machine. 

Ques. Describe the connections for starting a com- 
pound motor at a distance. 

Ans. Control at a distance can be effected with only two 
wires, just as in the case of a series motor. In the diagram fig. 
426, the current coming from the rheostat enters the series coil 
at F, and leaves it at E, thence it flows to the armature brush B, 
through armature to brush A, and from here back to the dynamo. 
The shunt winding, which is connected across the brushes, gets 
a very small voltage at starting and is accordingly very ineffect- 
ive. The motor then starts as a series motor. The starting 
effect is smaller than in a series motor because of the fewer turns 
in the series winding, most of the available space being occupied 
by the shimt coils. 

Power of a Motor. — The word ''power*' is defined as the rate 
at which work is done, and is expressed as the quotient of the work 
divided by the time in which it is done, thus: 

work 
power = —^ 

time 

Tbe difference between power and nvotVl ^o>3l^ "^ Otf«:&? 
tmderstood. 
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Work is the overcoming of resistance through a certain distance. 
It is measures by the product of the resistance into the space 
through which it is overcome, thus : 

work = distance X space 

For instance, in lifting a body from the earth against the attraction 
of gravity, the resistance is the weight of the body, and the space, the 
height to which the body is raised, the product of the two being the work 
done. 

The unit of work is the foot pound, which it the amount of work 
done in overcoming a pressure or weight equal to one pound through 
one foot of space. 

The unit of power is the horse power which is equal to 33,000 
foot pounds of work per minute, that is : 

, foot pounds per minute 
horse power = 

33,000 

The unit of power was established by James Watt as the power of a 
strong London draught horse to do work during a short interval, and 
used by him to measure the power of his steam engines. 

In order to measure the mechanical power of a motor, it is 
necessary to first determine the following three factors upon 
which the power developed depends: 

1. Pull of the armature, in pounds; 

2. Distance in feet at which the pull acts from the center of 

the shaft; 

3. Revolutions per minute. 

Example. — If the armature pull of a motor having a two foot pulley, 
be such that a weight of 500 lbs. attached to the rim. is pist baluiced, 
and the speed be 1,000 revolutions per minute, what is Use horse 
power? 



Here, the Hi«t-^n'* that the pull acta from the center of the shaft 
is one foot, hence for eadi revalutioii the resistance of 500 pounds is 
overcome thnragh a dist&nce equal to the circumference of the pulley or 

■X X diameter - 3.1416 X 2 - 6.2S32 feeL 

The work done in one minute is expressed by the following 
equation: 




ho. 427.— Gaunl EloctHe type CO Motor. These molora nnge In cipadty from 1 to 
30 hone power. The atail aiic* are bipaUr, Knd the UiHcr liieg have (our polei. For 

le ataadiid vnltagei 



innallatione where the motor ii eipoaed to dujt. mechanical injury or m 
be partUUr or entirely endoied by means o( hand halg covers. The ati 



I iiffet /"iPonunute/ 



- 600 X 6.2832 X 

Hence, the power developed is 
»]«,«» V- »;«». DM ion. poirei. 
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Oues. What is "brake'' horse power? 

Ans. The net horse power developed by a machine at its 
shaft or pulley; so called because a form of brake is applied to 
the piilley to determine the power. 

Ques. Describe the apparatus used in making a brake 

test. 

Ans. Tests of this kind are usually made with a Prony brake 
as shown in fig. 428. It consists of a band of rope or strip iron — 




/(h//e'e<(gpf 



Vig. 428. — Poony brake for determining brake horse power. It consists of a friction band 
ring which may be placed around a pulley or fly wheel, and attached to a lever bearing 
upon the platform of a weighing scale in such a manner that the friction between the 
surfaces in contact will tend to rotate the arm in the direction in which the shaft revolves. 
This thrust is resisted and measured in pounds by the scale. In setting up the brake 
the distance between the center of the shaft and point of contact (knife edge) with the 
scales must be accurately measured, the knife edge being placed at the same defotion as 
the center of the shaft. An internal channel permits the drcolation of water around the 
interior of the rim as shown, to prevent overheating. 

the latter is the arrangement shown — ^to which are fastened a 

number of wooden blocks, several carrying shotdders to prevent 

the contrivance from slipping off the wheel rim. The brake 

band is drawn tight, as sho^tv, ^o \)c\a!^\Xsfc\^^^^^ss.^^^55s&^sgs!^^ 

the surface all around. T\ve \ii^!^^ ^^>^ \cst^^^^^^^c«5«.^ 

from revolving with the v^^^ ^^ ^^^ '^^^ ^\x;.d^^««^ 
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top and bottom centers of the wheels, and joined at the opposite 
ends to form a lever which bears upon an ordinary platform 
scale, a suitable leg or block being arranged to keep its end level 
with the center of the shaft. By this arrangement the amount 
of friction between the brake band and the revolving wheel is 
weighed upon the scales. Since the brake fits tightly enough 
to be carried around by the wheel, but for the arms bearing upon 
the scale, the amount of frictional power exerted by the wheel 
in turning free within the blocks may be transmitted and meas- 
ured, just as would be the case were a machinery load attached, 
instead of a friction brake. 

Ques. Why must the pohit of contact of the brake with 
the scales be level with the center of the shaft? 

Ans. In order to determine the force acting at right angles 
to the line joining the point of contact and center of the shaft. 

Ques. What is the distance between the center of the 
shaft and point of contact with the scales called ? 

Ans. The lever arm. 

« 

Ques. What three quantities must be determined in 
a test in order to calculate the brake horse power? 

Ans. The lever arm, the force exerted on the scales, and the 
revolutions per minute. 

Ques. How is brake horse power calculated ? 

Ans. From the following formula: 

B, H. P. = 2 X LN^ 

33,000 



I 
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in which 

B. H. P. = brake horse power; 
L =» lever arm, in feet; 
N =» number of revolutions per minute; 
W = force in pounds at end of lever arm as measured by 
scales. 

Example — In making a brake test on a motor, the lever arm of the 
brake is 3 ft., and the reading of the scales is 30 lbs. When the motor is 
running 1,000 revolutions per minute, what is the brake horse power? 

Substituting the given values in the formula, 

B H P = 2^ X3 X 1,000 X 30 ^ jy j 

33,000 

Now, if the voltmeter and ammeter readings be 220 and 65 
respectively, what is the efficiency of the motor at this load? 

The amount of power absorbed by the motor, or in other 
words, the input is 

E. H. P. = ^^Q X ^5 =. 19.16 

746 

and since the cAitput is 17.1 horse power, 

^ . __ output _ brake horse power 17.1 _eu^o/ 
input electrical horse power 19.16 



Speed of a Motor. — The normal speed at which any motor 

will run is such that the sum of the reverse electromotive force 

and the drop in the armature will be exactly equal to the elec- 

tromotive force applied at t\ve\ira^es», Tafc^o^mthe armature 

is the difference between t\ie app^^^ N^\a%^ ^sA >(fefc ^-^^sss^ 

voltage. 
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Mutual Relations of Motor Torque and Speed. — ^The 
character of the work to be done not only determines the con- 
dition of the motor torque and speed required, but also the 
suitability of a particular type of motor for a given service. 
There are three general classes of work performed by motors, and 
these reqtiire the following conditions of torque a^nd speed: 

1. Constant torque at variable speed; 

Suitable for driving cranes, hoists, and elevators, etc, where the 
load is constant and lias to be moved at varying rates of speed. 




Pig. 429. — Two path method of speed regulation of scries motor. A rheostat is comiected 
in shunt to the field coils as shown. 1 he current passing from a to 6 divides between the 
magnet coils and the rheostat coils; the higher the resistance of the rheostat the less 
current passes through it, and the more through the magnet coils, henoe the stronger the 
field magnet. 



2. Variable torque at constant speed; 

Suitable for driving line shafting in machine shops, which must 
run at constant speed regardless of variations of torque due to varia- 
dons in the number of machines m opewLXaoa ^ ^ >3afi&^ ^st *^fii^ 
€±ajHcter of work being piefonned. 

^. VaiiabJe torque at variable speed- 
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Suitable for electric railway work. For example: TOhen a car is 
staiteii, the torque is at its maximum value and the speed z«ro, but 
as the car Eiuns headway, the torque decreases and the speed 



Speed Regulation of Motors. — The speed of motors con- 
nected to constant voItai;e circuits is usually reguJated by the 
two following methods: 




Pio. «0.— V»ri«ble 

divided into b. numDcr oi 
llluitntcd. Theipeedtbt 



1. By inserting resistances in the armature ciicuit of a shtmt 
wound motor; 



2, By varying the strength of the field of a series motor. 

The first method is stifliciently explained under fig. 418 and 
the second method is ilVusttaUd m fi.^. 430. The controller 
switch S is so arranged tl:wA, a ^Tea-^Kt ot VssKt -coM^Kt -A-t^*. 
'-Ji/s can be inserted in the fieVAcaicmV ^Wwa^-OQ»^s*r<'->' -^ 
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3n point 1, the motor current will flow through all the field 
vdndings, and the strength of the field will be at its maximum. 
When the switch arm is moved so as to successively occupy 
positions 2, 3, and 4, thus cutting out of circuit a greater and 
greater number of field coils the strength of the field will be 
gradually decreased until practically all of the motor current 
is led or wired through the armature. Under these conditions, 
when the field of a motor is at its maximum strength, the motor 
torque will be at a maximum for any given strength of current, 
and the reverse electromotive force will also be at a maximum 
for any given speed, therefore, when the field strength is increased, 
the speed will decrease and vice versa, 

Ques. What results are obtained by this method of 
regulation ? 

Ans. The speed of a series motor may be nearly doubled, 
that is, if the lowest pennissible speed of the motor be 260 
revolutions per minute it can be readily increased to 500 revolu- 
tions per minute by changing the field coil connections from 
series to parallel. It is on this account, as much as on their 
powerful starting torque, that series motors have been until 
recently almost exclusively employed for electric traction pur- 
poses. 



Series Parallel Controller.— When two motors are used in 
electric railway work, their armatures are connected in series 
with each other and an extra resistance which prevents the 
passage of an excessive current through the armature b^i<s^^ 
the motor starts. As the speed of tVve cat vcvcxe-^^'s.^ >Ocsfc ^-fisx^ 
resistance is gradually cut out of circuit aad \Xv^ ^^^ ^\^^% 
Tnnections changed from series to paiaXiel\i^ m^^x^ oV^^«« 
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parallel controller, which finally connects each motor directly 
across the supply mains, or between the trolley line and the 
track or ground return. 

^Iciency of a Motor. — The commercial efficiency of a motor 
is the ratio of the output to the input. As a rule, the power 
developed by a motor increases as the reverse voltage generated i 
by it decreases, until this voltage equals one half of the voltage ■ 



lUMpng the dir 



pole ivhtch for rwvrnng direction of rut. 
n be reveraed by chanfftng the diicctioD of 
^L]i, It ia pref er mblc , nowercf ■ to tcvotw 
iction □( cumnt through the unutur* Tti 
i being provided by ninoing the wi 




applied at the brushes. After this point is reached, the power 
developed by the motor decreases with the decrease of the 
reverse voltage. Therefore, a motor performs the largest 
amount of work when its reverse voltage is equal to one half 

the impressed voltage. 

The efficiency of a mo\.ot as Sms^ ^^A'^&.Sa. ■*«. -CTSia ^ the 
output to the input ; this is eqmv*tec&^« ^•f^'<^'Qw.,!S««^ 
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>f a motor is equal to the brake horse power divided by 

:he electrical horse power. 

The electrical horse power is easily obtained by mtiltiplying 

:he readings taken from volt meter and ammeter, which gives 

the watts, and dividing the product by 746, the number of watts 

per horse power. That is: 

,:», . . , , volts X amperes watts 
Electrical horse power = = 

746 746 




Pic 432. — ^Wiring diagram, showing electrical connections between the armatore. field, and 
interpoles of an inteipole motor. As the name implies, an interpole motor has in addi- 
tion to the main poles, a series of interpoles which are placed between the main poles, 
and whose function is to assist in the reversal of the current under the brushes, rhey 
provide a separate commutating field of a correct value at all loads and speeds, and their 
windings are for this purpose connected in series with the armature, ihe proper func- 
tioning of the interpoles is independent of the direction of rotation of the armature, also 
of the load carried over the whole speed range. In an ordinary motor without inter- 
poles, commutation is assisted by a magnetic fringe emanating from the main poles, 
but as the value of this fringe is altered by the load of the motor and by rheostatic field 
weakening, if higher q)eeds be desired from such a machine, commutation becomes 
imperfect and tpaiJdxig results, making a readjustment of the brashes necessary. 

Interpole Motors. — ^An interpole motor has in addition to 
the main poles, a series of interpoles, placed between the main 
poles. The object of these poles is to provide an auxiliary flux 
or "commutating" field at the point where the aI1s^a.t^aa». ^a^pis. 
aw abort drcidted by the brush. 
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Ques. What is the object of the commutating field 
produced by the biterpoles? 

Ans. Its object is to assist commutation, that is, to help 
reverse the current in each coil while short circuited by the 
brush, and thus reduce sparking. 




Ques. What Is the nature of the commutating field? 

Ans. The excitation o£ the inteqiolcs being produced by 
series turns, the field will vary with the load, and will, if once 
adjusted to give good commutation at an-/ cms VqbA.Vsk^ *<>!«- 
same proportion for any other load, pto'Adeft. X^e. "■c^^i- ■^■a^'^ "^ 
be drcuit be not too highly saturated. 
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Ques. State briefly how sparking is reduced or 
vented by the action of the interpoles. 

Ans. Sparking is due to self induction in the coil under) 
commutation, which impedes the proper reversal of the cm 
The action of the interpoles corrects this in that they set 
field in a direction that causes a reversal of the current ii 
coil while it is short circuited. Thus, the coil at the inst£ 
leaves the brush, is not an idle coil, but has a current flc 
in it in the right direction to prevent sparking. 

Ques. Mention some of the claims made for Intei 
motors. 

Ans. Constant or adjustable speed, and momentary \ 
loads without sparking; constant brush position; operatic 
adjustable speeds on standard supply circuits of 110, 220, 
500 volts; constant speed with variable load; reversal wit 
changing the position of the brushes. 
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CHAPTER XXIV 

SELECTION AND INSTALLATION 

OF 
DYNAMOS AND MOTORS 



General Conditions Governing Selection. — In any par- 
ticular case, the voltage, current capacity, and type of dynamo 
selected will depend upon the system of transmission or distri- 
bution to which it is to be connected, and the character of the 
work which it is required to perform. The suitability of the 
different types of dynamo for various kinds of work has already 
been considered to some extent, but there are certain general 
conditions which are applicable to almost all cases, such as: 

1. Construction; 

2. Operation; 

3. Cost; 

4. Number and size of units. 

Construction* — This should be as simple as possible and of 
the most solid character. All parts shotdd be interchangeable, 
and have a good finish. All machines should be provided with 
eye bolts or other means by which they can be lifted or moved^ 
as a whole or in parts, easily and withofvit \xi\>rr^ . T^wssfc^ftaX^^s^ss. 
ire so carefully attended to and guaraatefc^ Vj >3cl^ xfi»sss>r 
ictmiers as to leave little choice in tbis dkecXioti. 



Jf: 
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Operation. — The considerations relating to the operation of 
a machine involve an examination of the details of its construc- 
tion, in order to determine the amoimt of attention it will require, 
the character of its regulating device, its capacity, form, and 
weight, 

Ques. What may be said regarding capacity? 

Ans. Dynamos and motors should not be overloaded, because 
the efficiency is greater when the working load does not exceed 
the rated capacity of the machine. 

Form. — ^As a rule, there is not much choice in the matter of 
form between standard machines, as they are uniformly sj'mmet- 
rical, well proportioned and compact. It is a mistake, however, 
to select a light machine for stationary use, as the weight of a 
machine increases its strength, stability and durability. 

Cost. — In some cases, the matter of first cost is important 
and deserves careful consideration. It should be remembered, 
however, that high grade electric machinery cannot be built out 
of low grade materials and with poor workmen; therefore, when 
necessity compels the selection of a cheap machine, it should not 
be expected that its service will be as satisfactory as that of a 
first class machine. 

Number and Size of Units. — The best number and size oi 
units for an electrical plant is usually governed by the require- 
ments of the driving engines. As a rule, d)niamos and motors 
are not much less efficient at quarter load than at full load, and 
the smaller dynamos are fully equal to the larger machines in 
this respect, therefore, a generating plant can be subdivided. 
and if so desired, without any detrimental results except those 
due to a multiplicity oi umXs, 
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Ques. WfaBT is ilie imp or tan t conndaatioii wiA 
respect to efficiencT'r 

Ans. Efficiency at -maTTmiT^ 'I'jat ii nut ix.' imponaiit af 
eSdencj at aferapc iuad. 

T'jr iusumct. ii: the "'"[■-mt ug. 43t. tiit nti^ cflitseii'jy t>f uik 
^yziara'j af ^owr. i'v ;nt cu~."-. A. i; W w?" '-■wi;.. ant Kiat of atiutiMr. 
»s sbriTn; ny nirvs E. i; 1*1 itr ctn:-... t::: i: nil: U-- oUMrrv«l tint: t.'n 
aTETBpt ef&3enrT o: B i> r;u;t hifafr;. tmnr TJi ;«t iKnt. it; quantr;- 
I'rAd, *tl* -jer cent, at tiiil;-! .«■.!. an± HI v^ '--m; a: thnst-quantr i'jafl. 
to ££, 1 1 and Bt* p=r '— ct, a: A. at tiK LorrtgyjadmE icaitK. Ic tnif 






Fk UO-^ai-J: 
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Ques. For what conditions of service are series motors 
adapted ? 

Ans. They are used on constant current circuits, and also on 
constant voltage circuits as in railway work and similar ptu-poses 
where an attendant is always at hand to regulate the speed. 

Ques. Name some advantages and disadvantages of 
series motors. 

Ans. They are easily started even under heavy loads, the 
winding is cheaper than the other types and the speed is nearer 
constant than shunt motors when operated on constant current 
circuits. When used on constant pressure circuits, such as is 
employed for incandescent lighting, the speed will depend on 
the load. 

Ques. What kind of circuit is suitable for shunt 
motors? 

Ans. They are used on constant voltage circuits. 

Ques. What are the advantages of shunt motors? 

Ans. The speed remains nearly constant for variable load. 

Ques. State the disadvantages. 

Ans. They start less easily under a heavy load than do series 
motors, and the speed cannot be varied through any wide range 
without considerable loss. The shunt motor requires more 
attention than the series type and is more liable to be burnt 
out. 

Location. — The place chosen for the dynamo or motor should 
be dry, free from dust, and preferably where a cooVoNrrt^-^^^'^^ 
can be had. It should allow suf&cieivt loOTCviox ^\iO^ ^V^-^^'^i?^ 
len^h when a belt drive is used. 
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Foundations. — It is most important to secure a good fotmda- 
tion for every dynamo, and great care should be taken to have 
them entirely separate from those of the walls of the building 
in which the machine is installed, and if the dynamo be directly 
driven, but not on the same bed plate as the engine, a foimda- 
tion large enough for both together should be laid down. Stone 
or concrete may be used, or brick built with cement, having a 
large thick stone bedded at the top. 

For small machines the holding down bolts may be set with 
lead or sulphur in holes in the stone top, but for large machines 
the bolts should be long enough to pass down to the bottom, 
where they should be anchored with iron plates. 



Setting up of Dynamos and Motors. — In tmpacking the 
machines care should be taken to avoid injury to any part 
and in putting the parts together, each part should be carefully 
cleaned, and all the parts put together in exactly the right way. 
The shafts, bearings, magnetic joints, and electrical connection 
should receive especial attention and be thoroughly cleaned of 
every particle of dirt, grit, dust, metal clippings, etc. 

Ques. Who should preferably assemble the machines? 

Ans. Whenever possible, they should be assembled by some- 
one thoroughly familiar with the construction; but if the services 
of such a person cannot be had, no one should attempt to put a 
machine together unless he has a drawing or photograph of the 
same for a general guide. 

Ques. What precaution should be taken with the 
armature ? 

Ans. It should be handled carefully to avoid any injury to 
the wires of the winding and \\vfiax \3asw\a.\asK3u 



■. l-C "X' 
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If it become neeessaiy to lay the armature on the ground it should be 
laid on clean paper or cloth, but it is better to support it by the shaft on 
two wooden horses of other supports, and thus avoid any strain on the 
armature body or commutator. 

Connecting Up Dynamos. — The manner in which the con- 
nections of the field magnet coils, brushes, and terminals, are 
connected to one another depends entirely upon the type of 
machine. The field magnet shunt coils of shunt and compotmd 




Pic. 441.— Foundatiim. It may be made either of eoncr 
it held finoly in pLAce on the fuundutiDn by anchor bt 

for the boJt« mjt detmaiiwi by ■ wooden tempUte . 

^lawii. Ilu bdta are ■ummiided br lion iHpe that fiiis uaa ivmatuv dui pernsn a 
little mAb pUy to aBmi for tuy iliglit (sron in localniH ttaa omtaa on the IsivlBta. 

wound dj'namos, are invariably arranged in series with one 
another, and then connected as a shunt to the brushes or termi- 
nals of the macliine. The series coils of series and compound 
wound machines are arranged either in series or in parallel with 
one another, according to conditions of o\>cn.\.\<:3w, «x&. "^a^ 
txmnected in series to the armatuxe and. exXnu^ oxosft- 
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Coupling Up Field Magnet Colls. — In coupling up the 
coils of either salient or consequent pole field magnets, 
assume each of the pole pieces to have a certain polarity (in 
bipolar dynamos two poles only, a north and south pole respec- 
tively, are required; in multipolar dynamos the poles must be 
arranged in alternate order around the armature, the number of 
N and S poles being equal), then apply Plemming's rule as given 
under fig. 132, to each of the coils, and ascertain the direction 
in which the magnetizing current must flow in each in order to 




Vk. MZ.'Conipariaui 

.Irofiiable 
adopted in the best type o( 
ii geoerally adopted alw it 
tvpe oC dynamo can be uaed 
Mu nucnine than vhere it i 
rotative apceda at which e 
raqnind by tha two typei 



ji be obtained with a tmallei 
Tail ii doe to Uie '■"■■"■' 
ion abon the iriatint tptxs 



produce the assumed polarity in each of the pole pieces. Having 
marked these directions on the coils, they can be coupled up in 
either series or parallel connection according to requirements, so 
that the current flows in the proper direction in each. 



The Drive. — Various means are employed to connect the 
engine or other prime Ttio^eY ^\?n. 'Cna &>iTaswi^ lac ttue motor 
mth the machinery to flrivei. ^.mE^:v'fe^^iR^■oa»i^«■■«^»=*^s.^ 
the ff^owing : 
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1. Direct drive; 

2. Belt drive; 

3. Rope drive; 

4. Gear drive; 

5. Friction drive. 




'ta. 443.— Ceneml Electric type M P. m»iine Benefstinu Kt with t»ndem compound mrine. 
The rtqmremenU of njch units are comimelneM. ligbt weight, limpUcity. IrecdoinTrom 
vibrmtion iind noi« at high speed, perfecl regulalion and durabllily. By adoolina a fhorl 
stroke for the engines and a special armature winding for the dynamm. the height txA 
length of the sets have been reducM. The bed is carried out lo the full width ot th* 

■pace required'. While the conrtniclion gives a masHve appearance, the be^haa bMl 
cored mat and the various parts so designed that the complete sets have an iiinniltnttii 
capacity of 3} watti per pound, All of the moving vuXl ue eiv^iiH&>ii va wi^ak 
to&iam, aicluding dual mod redudng wear and attention Xa %. ■crari.tiw.-a^ Tii^Vn*^ Tfr 
^K/anMMj/^aJS- under pressure. Thesei^tsuomaietivBxeilion.'il.lt.'H-VilVV^R^ 

jSllSf..^l*;^^,„^'«'55'"i"<'".»«" »™ made I- -^ ^«A«i*«»- ^ ^^ 
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Oues. What Is a direct drive? 

Ans. One in which the driving member is connected direct 
to the driven member, vithout any interposed gearing. 



Ques. What may be said with respect to direct drive? 

Ans. It is the simplest method and the space required is less 
Qian with belt drive. With direct drive the engine and djmamo 
must run at the eame speed; this is a disadvantage because the 
most dwirttMo speeds of the two machines may not agree. 




Since the usual engine speeds are slower than dynamo speeds, direct 
drive involves the use of a larger dynamo for a given output than would 
be necessary with belt connection, and involves a. corresponding increase 
in cost and greater friction loss due to the rotation of larger and heavier 

Ques. Mention some of the features of belt drive. 

Ans. Greater flexibility in the original design of a plant is 
possible and new arrangemeTits ol o\6.^-^M^'as.i:asi.\«:-TOadaat 
any time. It gives convemeTAVf mv-j &Esae& ^-^sRa. ■»&» se&. 
permits the use o£ Hall SDeeA d.>«iasi«»*=^^«^^««^ 
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Ques. State some of the diaadTantages off bdt drive. 

Ans. Considerable space is reqtiired and the action is not 
)ositive. Belts exert a side pull on the bearings which results 
Q wear, also loss of power by friction. 





tea. 445 and 446. — ^Two methods of ladzur a belt. In fie. 445 two rows of oval holes should 
be made with a ptmch. as indicated. The nearest hole should be H inch from the side, 
and the first row "H inch from the end, and the second row 1 H inches from the end of the 
belt. In Uuve belts these distances should be a little greater. A regular belt lacing (a 
strong, pliable strip of leather) should be used, beginning at hole No. 1, and passing con- 
secutively through all the holes as numbered. In tvg. 44ft tV« VvcAva^ %.\^ ii^.Tci^^Njci.'^'Kssm^ 
This method bos the advantage of making the \acets \\e VM«J\t\ "wcOa. >2oft '^'SjKjssjs^S^^t^b. 
pulley side. The lacing is doubled to findita xmdd\e, aivA.\>cv^ Vro «^^^'^''*^SS;^^^ 
Jthejwo holes marked^l " and " la " predaeW as m\acttvi s. Av^. x7t\v^ ^XSSr«^ 
x>Mw/«jccessi ve^r through the two aeries of ho\ea Vn tYve otd«t W^'^^sS^^^*^** 
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Ques. Give a rule for determining the inroper size of 
belt. 

Ans. A single belt travelling 1,000 feet per minute will transmit 
one horse power per inch of width; a double belt will transmit twice 
this amount, 

EXAMPLE. — ^What size of double belt is required to transmit 60 horse 
power at 4,000 ft. speed, and what diameter pulley must be used for 954 
revolutions pfer minute at 4,000 ft. speed of belt ? 




Fig. 447. — Wrong way to run a belt. The pull should not come on the top side, because, with 
slack at bottom there is a tendency to slip. 



The horse power transmitted per inch is 

4,000 



1,000 



X2 =8 



accordingly, the width of belt required to transmit 50 horse power is 

50 ^ 8 = 6.25, say 6". 

For 4,000 ft. per minute belt speed, the distance in inches travelled 
by the i^clt per revolution of the pulley. 



4,000 X 12 
954 



== 50.31 inches 



This is equal to the circumference of the pulley, and the correspond- 
ing diameter is 



50.31 



= l^A, sacj \^ vcvOwe^ 
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Ques. What is the proper speed for a belt? 

Ans. From 3,000 to 5,000 feet per minute, depending on 
conditions. 

Points Relating to Belts. 

1. The amount of power that a belt of given size can transmit is not 
a very definite quantity. The rule just given is conservative and will 
give an amply large belt for ordinary conditions. 

2. A belt should make a straight run through the air and over the 
pulleys without wabbling; it should maintain an even and perfect 
contact with that part of the pulley with which it comes in contact. 
In order to do this it should be Kept soft, pliable, and have no abrasions 
or rough places. 





Fib. 448. — Right way to run a belt. Tlie i)ull should come on the lower si<le bringing the 
dack on top. 



r 



3. When belt fasteners give way there is too much strain uprm l>elt. 
The greatest amount of slack in a Ix'lt is found where it leaves the driving 
pulley, hence the tightener should l^e near the driving pulley, as it takes 
up the slack, prevents vibration and diminishes strain on belts and 
bearings. More than 100 degrees of heat is injurious to belts. 

4. Double belts should always run with the splia-s, and not against 
them. Quarter turn belts should be made of two ply leather, so as to 
diminish the side strain. 

6. Friction is greatest when the pulleys are covered with leather. 
Friction depends upon pressure, but adhesion depends upon surface 
contact; the more a belt adheres to pulley surface without straining 
through too much tightening, the better the driving power. Slippin; 
occurs on wet days because the leather absorl )S dampness. 

6. A leather covered pulley will produce more resistance than polisho 
or rough iron ones. A good l)elt dressing makes a smooth, tes.\s»t\jwt,*«vv^ 
face, and as it contains no oils \v\\\c\\ ctetiXvt ei '^\\>\ifc.T^ ^w\\.'aj»i. \.'^\* 

it Increases belt adhesion. The irieliou ol \wjX\vfcx \x^tv XvsaJOwiX > 

iwnes greater than leather upon iron. 



■MS 
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7. Moisture and water distend the fibres, change the properties of 
the tanner's grease and softening compounds. Repeated satiuation and 
drying will soon destroy leather. Leather well filled with tanner's grease 
or animal oil, if allowed to hang in a warm room for several months 
without handling, will dry out, become harsh, and will readily crack, 

8. A running belt is stretched and relaxed at different times and 
unless there be perfect elasticity in all its parts there will not be tmiform 
distension. 

9. There should be 25 per cent, margin allowed for adhesion before 
a belt begins to slip. 







oSJL 




Figs. 449 to 451. — Method of aligning engine and dynamo. In fig. 449, a line is stretched 
from A to E and the dynamo shitted until the line contacts with points A. D. I, and E. 
In a small dynamo, the pulley may be loosened and set tMick on the shaft as in fig. 4fi0. 
while lining up the faces, and then moved back to its original position as in fig. 451. When 
the pulley is not easily shifted the distances at A and u (fig. 4493 may be measured. 



Rules for Calculating Speed and Sizes of Pulley. — When 
two pulleys are working together connected by a belt, the one 
which communicates the motion is called the driver and the 
other which receives it, the driven pulley. 



To Find the Size of the Drivinft Pulley: Mtiltiply the diameter of 
the driven puUey by its required number of revolutions, and divide 
the product by the revolutions of the driver. The quotient will be the 
rifiameter of the driver. 

To Find the Number ol^c^o\\xtVwi%<A^\i«e««n.V^sSL«|\\KN^ 

of the driven. 
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To Find the Diameter of the Driven that shall Make a Given 
Number of Rerolutlona, the Diameter and Revolutions of the 

Driver Being Given: Multiply the diameter of the driver by its number 
of revolutions, and divide the product by the number of revolutions of 
the driven pulley. The quotient will be the diameter of the driven pulley. 

Rope Drive. — In this method of power transmissioii, rope is 
run in V-shaped grooves in the rims of the pulleys; this form 
of drive, in some cases, is more desirable than others. 




Pic. 4S2. — Gennsl Blectiic C O bade gored motor driving Hamilton Knntive drill. When 
ilowly moving machines arc to bo driuen. or where, for any reasM, very moderate belt 
•peedi are r«]iured. the back geared mator ia desirable. Two ratioe of gear reduction haw 
bv0iBdoptadaaatandardj they arc;- — i to I and S to I. 

Ques. What are some of the advantages of rope drive? 

I Ans. More power can be transmitted with a given diameter 
I and width ot pulley, on account oi ttve maeasK,^ '^^j "va. "Cor. 
grooves. Rope drive can be employeA lot Vnv?, «t ^isatfv. ^^r 
tancee iiy reason of its Iigbtn«S9 ftad \.\ic aGSwao. "A 'Co* ^5F"*** 
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Gear Drive. — This method is used where a positive drive is 
desired, as for elevator or railway motors. It admits of any 
degree of speed reduction without attending difficulties as would 
be encountered with belt drive. 

Thus, with the worn type d gear as used on elevHtor motors a great 
Teduction in velocity can be made without incurring the expense of 
countershaft as with a belt. 




.„ „ :o operat* a vmleal >h»ft, dther thmogh bell 

ir bi> diren drive. Heu.BriBht t»ll barings an UHd. taldnc tha dovnwud 
I ths weight of the umature. For moHntina on the Roar or colins. a tiicod 
wn) ia fumlihedp th« itandaid iliding base bemg used on a ilda wall. Tba 
ift may b« eitcFded for pulley or conpUos either above or bekiK tin aiMar. 



Friction Drive. — This is a very simple mode of transmitting 
power and has the advat\\.a?,es qI BttM^'a.'=*.T «A wrassfw^ofisa. 
In operation, the driving w^veeV \s v^e5s«6. ^^?is^ n;^ '^^^ 
be driven, tran«nitlMig motion '^ \ii* V^^-^s ^i ■c«.fetia«« 
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grip. The drive is thrown out of gear by slightly moving the 
machine on its sUding base. In construction, the friction may 
be increased by making one wheel of the pair of wood, com- 
pressed paper, or leather. 

Electrical Connectloiis. — Circuits for dynamos and motors 
should be carefully planned so as to secure the simplest arrange- 
ment, and to avoid unnecessary expense and delay, the wiring 
should be installed in accordance with the requirements of the 
National Electrical Code. 




■Hould be Kippotted by 



Ques. What may be said with respect to exposed and 
concealed wiring? 

Ans. Exposed wiring is cheap and accessible; a short circuit 
or ground is easily located and repaiieA. OiTiceaS»&. ->v\ris^, 
especially when placed under the ftoor, \iaa 'Ocvt a&^'OTfy*^^ '^ 
being out Qi the way, and thus pwAectfA tram va\viS^ - 
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Que8. In wiring a dynamo what are the oonaidefatioiit 
with respect to size of wire? 

Ans. All conductors, including those connecting the madrine 
with the switchboard, as well as the bus bars on the latter, 
should be of ample size to be free from overheating and ezoesam 
loss of voltage. The drop between the generator and switch- 
board should not exceed one-half per cent, at fuU load, because 
it interferes with proper regulation and adds to the less easQy 
avoided drop on the distribution system. 



A VXIUA K Y A PPA RA TVS 
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AUXILIARY APPARATUS 



There are ntimerous devices that must be used in connection 
with dynamos and motors for proper control and safe operation. 
Among these n:iay be mentioned : 

1. Switches; 

2. Puses; 

3. Circuit breakers; 

4. Rheostats; 

5. Switchboards. 



Switches. — A switch is a device by means of which an electric 
pircuit may be opened or closed. There are numerous types of 
switch; they may be either single or multi-pole, single or 
double throw and either of the "snap** or knife form. 

Ques. What is the difference between a sii^e and 
double pole switch? 

Ans. A single pole switch controls only one of the wires of 
the circuit, while a double pole switch controls both. 

Ques. What is the difference between a single break 
and a double break switch ? 

Ans. The distinction is that the one V^teiks >Jafc cctcxbX. "^^^ ^ 
pamt only, while the other breaks it at Vno v^rvxii^ 
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Ques. What is the advantage of a double break? 

Ans. If the circuit be opened at two points in series at the 
same instant, the electromotive force is divided between the two 
breaks and the length to which the current will maintain an arc 
at either break is reduced to one-half; thus there is less chance 
of burning the metal of the switch. Another reason for providing 
two breaks is to avoid using the blade pivot as a conductor, the 
contact at this point being too poor for good conductivity. 




Ques. When shouM a VtvW* sw\x<3tt.\« Maa4? 

Aii^. IVlien the cayaoKty ol Wn c«t:Mi^S».'tfti^'-& '■«.•«»>«, 
placed exceeds 10 ampcr»s. 
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Ques. Describe a knlfs switch. 

Ans. Fig. 461 illustrates a knife svdtch of the double pole, 
single throw type. It consists of the following parts: base, 
hinges, blades, contact jaws, insulating cross bar, and handle, 
as shown. 

Ques. How should knife switches be Installed? 

Ans, They should be placed so that gravity tends to open 
them. 




iWy cOQMructed it ii mads of hard 



Otherwise if the hinges become loose, the weight of the blades and 
hanale would t«nd to close the switch, thus closing the circuit and possibly 
resulting in considerable damage. 

Ques. How should switches be proportioned? 

Ans. The minimum area of the contact surfaces should not 

he i^ than .01 square inch per atnpeTe, a.'n.im'CwcKfc'viSK^'^*^'^^ 

//^A to^ or otAer high voltage circiuts-w^eTC\Vfcc*iTt«r^.^s.'a»:=^ 

«nflff, the area of the contact surfaces, as* Msosi^^ Vtw^ ss*" 
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.05 inch per ampere. Since dirt or oxidation would prevent 
good contact under a simple pressure between the contact sur- 
faces, the mechanism of a switch provides a sliding contact. 

In the general design of switches, alt parts which carry current are 
given a cross sectional area of at least one square inch per 1 ,000 amperes 
i£ they be made of copper, and about three times as much if made of 
brass, as the conductivity of the latter is only one-third that of the 
former. Furthermore, the current should never be permitted to pa^ 
through springs, as the heat generated will destroy their elasticity. 




fta. 492.— Triple pok, 



lioni from one cirrait to anothtr in tho lean ji™ctle«J Interrnl 
cctiun IS to be hiakca ood another closol uul It ll undsanbla 



Ones. What difficulty Is experienced in opening a 
circuit in which a heavy current is flowing? 

Ans. It is impossible to instantly stop the current by opening 

tho SH'itch, ConsequcnUy ^\\e cMite.'tA ^:OT*:w«»Si Va %.^ii ^.-od 

momentarily jumps t\\ea\t£aL9,T'is^i^*^'«^'-«^'^"™=«*''"' 

arc which tends toburuXlaem^^a^cS.**'^^^^ 
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Ques. How Is this remedied to some extent? 

Ans. The contact pieces are so shaped that they open along 
their whole length at the same time, so as to prevent the con- 
centration of the arc at the last point of contact. This feature 




—A -quick break" knife swilch of 
The contact blade a held btiwien the i; 
comprenes the «pring BiHicieiitl/ to force 

than could beSone bV^Bii""The ob^eti 
pomblfl to prevent bimiiiis the loeta] of t 



M:z7^ 



'. single break, one pole, trpe. 







Ques. For what service are " snap " switches suitable? 

-Ans. Tbey are used on circuits ccrtA&vm-o.'i. \axci:^ '-ci. «:ksi! 
parutively amaU groups, and other ^g)A Au-Vj seri«»~ 
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Qucs. What Is a quick break switch? 

Ans. A form of switch in which the contact pieces are snapped 
apart by the action of the springs, as shown in fig. 463, so as to 
make the duration of the arc as short as possible. 

The current allowed in each branch circuit of an electric Ughting 
system is limiU»l by the insurance rules to a maximum of 660 watts 
equivalent to 12 lamps of 16 c.p. each at 110 volts. They are also 
employed to control lamps in groups in theatres and other places where 
many lamps arc turned on or oS at about the si 




Hi. 487. — Spool of fuio w..-. , . 

half and liaU soLdrr. Bismuth ia frequently added to the alloy (o lower the mcUirw point 
Fur half and half solder thu meltinK p-.Lnt is STU- F«hr. The quiclmea with whicG a fu«r 
will melt after the current has reachrd the limit dcpendfi upon the specilic be ~ ' ' ' 

ircuit whoae reaular cuttvi 
pK'iTil litamiicnt. UKIIo mow it the current nse to my 12 ampetea. The 

thus ulloiriniE almut 23% overlnnd before the fuse melts. The fuiijig curtrnt vvie* con- 
aiderably ecciinlinK to Gircumatances. The tempenkture of the nrrouadins air or Dlhei 
Aubalancvftaffi-cU the meltinir current ETvatly. because the rute at which heat from thafmc 
will 1« ImnafiTTi^d to the ninoundioBS dciKnds upon the didereace of tempenuice brtmeo 
tbimi and the fuK. Henee. n fiiif in .1 viarm nUi-r will he melted by a inuiller cumnt than 
enclosed plies wbm there 

>uld onlinarilr melt the 

.,._ .^miicanuiG tn '^'"" "" ' 

■Oft of tutio of oajile which win -r.in. i"ii*«. >;■"• "Vw^'fn«M 
ao tfie fute c«rrloB more tli.-in its nixA tavicvv^ t^i^wM^siA 

breakm arc trofeiable totliirKe curtcnW.-. ;«^vi5«»" 

*> SgB. 46S to 170, li unujly ttc mote 4iiSiiWi«- 
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Fuses. — All circuits subject to abnormal increase of current 
which might overheat the system, should be protected by fuses 
which will melt and thus open the circuit. A fuse is simply 
a strip of fusible metal, often consisting of lead with a small 
percentage of tin, connected in series in the circuit. 

Experiments have shown that tor large fuses, a multiple fuse is more 

single one. A one hundred ampere fuse may be made 

of tweDty-five amperes capacity. A fuse dIocIc may 




be overloaded, not because the metal of the terminals is not of sufficient 
cross section to cany the current, but because of insufficient area of, 
contact, or loose contact of fuse and wires; the overload thus caused 
results in heating and frequently melts the fuse. 

Ques. Where should fuses be placed? 

Ans. They should be inserted wherever the size of wirt'isasi'tja. 
c^ wherever there is a branch of smaWer sVie "qme <3othi.«*^*»-%'''^ 
less the next fuse on the maiti or latgCT -wvce Ss sio^ «i.c:w!^ 
fxotect the braacb or small wire. 
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Pic. 471 



Pig. 472 



Pig. 478 



Pig. 474 



Pig. 476 



Fig. 476 



Pig. 477 





Pig. 478 



Figs. 471 to 478. —Interior construction of D. & W. fuses. In the manufacture of tliese fuses. 
four types of fuse link are used according to capacity ot fuse, and classified as: 1. air dnim 
link; 2, flat link: 3. multiple link; 4 . cylinder bnk. In the air drum link, fin. 471 and 473. 
a capsule provides an air space about the center of the Hnk, the rate o^ heat conductioo 
through the confined air bcin({ very slow, the temperature of that ^Kntion of the link rises 
rapidly with increasing current, rendering the blowing point j>racticalty constant; fig. 473 
shows a section through the complete fuse. In the flat link. ng. 474, the soction is ndaoed 
in the center, cutting down as far as possible the volume of metal to be fused. Figs, 476 
to 478 show varioiis form of multiple link construction. By sub-dividing the metd.^ in- 
creased radiating surface is obtained which permits a reduction in the vdcmie of fusible 
metal necessary, and the metal vapor formed when the fuse blows on heavy overload is 
more readily dissipated. Piks. 477 and 47S show two forms of the cylinder link, the plain 
cylinder fig. 477. lieing used for low voltage and large current, and fig. 478. for certain 
high tension service. The corrugated cylinder presents more surface to the fnse filling 
than the plain tjrpe and securer a iruoCvnvMTcv Tiift!\ft.>iSx\^ twA^Bft ^\3b>. moilting mbiiiniim 
volume ofmetal for a given currenX,. 
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Ques. How should fuses be mounted? 

Ans. They should be placed on a base of slate, porcelain, 
marble, or other incombustible material. 

Ques. What is the objection to copper fuses? 

Ans. They heat perceptibly soon after their rated capacity 
is passed. The melting temperature is higher than lead alloy. 

Ques. Upon what consideration does the choice be- 
tween switches and circuit brealcers depend ? 

Ans. Simple knife switches are suitable for use when the 
circuit is not liable to be opened while carrying large current. A 
circuit breaker, operated automatically or by hand should be 
used for interrupting heavy currents. 



f■:^^J^P^:'* ' 



-^^m '■ 




479 and 480. — D & W fuse indicator. The operation is illustrated in the figures which 
■how appearance of the label before the blowing of the fust*, fig. 479, and the same fuse 
blown, as indicated by the appearance of the black spot within the circle fig. 480. 



Circuit Breakers. — A circuit breaker is a switch which is 
opened automatically when the current or the pressure exceeds 
or falls below a certain limit, or which can be tripped by hand. 



Ques. What is the construction of a circuit breaker? 

Ans. It is composed of a switch and a solenoid in the main 
circuit. When the current, flowing through the circuit, exceeds 
a certain value, the core of the solenoid is drawn in and trips a 
Iri^T^er which allows the switcYv \.o ft.^ o^vrcv NixA'^'t n^^ ^ooskj^ ^5«^ 
a spring. 
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PlSC. 481 to «9.— Varioui 



Pig, 4S1. fuu tot main knd bno^ blodo; Sg.fSi, 



'itandard railway fuse: %. ^SS.'E.aiBcm tn^vt. M',\e-, «a. MA.W. U. pattBrni fif. MS, 
■sull of ovi-rlr.adinB the rajiluie is ^S?^"X"™ "2^ ■« » »»ms A «»ii«t.i3.'^iK« 



funrd matctlai. With Is 
of enclosed fuses ii «ccOTding\y lecom 
maiperta, V«ricna ^peaof eu^oMAlu 
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There arc numerouG kinds of circuit breaker U> meet IIm; vari«.-<l 
conditionE of service 'd' nhich may be mentitmed tlie (ollowitit; : 

1. Maxmrom drcoit breaker; 

2. MiTrimum circuit breaker; 

3. ReveiBe current circuit breaker; 

4. Maximum and reverse circuit breaker; 

5. No vohage circuit breaker. 
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Oues. Describe a reverse current circuit breaker or 
discriminating cut out. 

Ans, This type of circuit breaker is arranged to open a, circiiit 
in the event of current flowing in the circuit in a direction 
reverse to the normal. This is sometimes effected by winding the 







I-T-E automatic orarloBd circuit broker. 
BFE at A, passes through the lolenirid cM B (irhich 
met), thfoagh the copper terminil C, to theconmi: 
canuct bUdesF, midoutiDtotbeliiHBt G. The 
is mure cLeu-ly indicated in the top vlaw Sg. 400. 
•duces tufticimt tnognvtism to owcoma tbe wetoht 
with conslantlr increaaina nlodty tintil it (triJosi 
^9 Ihe arm out of the aWitcb, thiu Bntoniatican/ 
constructed that in openiog Iha drcolt the «rc u 



electromagnet of the circuit breaker with two coils, one connected 
ay a shunt across the mam circuYt a.uiWecft.'cv&T i^wiifis with the 
main circuit, the two coils being so aTta.Tvt^ft.XVaS.-w^iKB.'CBfcTBKffii. 
current Sows in the normal diiec^iou ^lOKa « 
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.indings o[ thii underload coil carried bj-lram* Z and pasH* from it lo tlie 

" ^ windirue ^ Irom which it "''" * 

Dlajn overload breaker. 



heel thtrtof itrLkes the li'vvr X. which Ijlow is transmHtod throujih Y to the h 
Ihiu tripi the hirakfr. Whtn clusing Co r«ct the bnaket.t.lwhu.dWv&^'K^v, 
M3in the cute ol a plain overload bTraVer, that\iAt.\i^\\tiic™Ti,*^wi^T»TA'3A-i ^ 
locking the bmttrr ai before but through l\ie pnMmt tMsljtA^ "1 ao^J^^iA^ 
"""" with Tu teclaniulu cjaw Wi -""tiiii * 
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another, whereas, when the main current reverses, the effects of 
the coils are neutralized and the breaker opens. 

Ques. State some disadvantages of a discriminating 
cut out. 

Ans. If one current reverse very rapidly, and soon reach a 
large value in the opposite direction, it is possible the cut out 
may not open at the desired instant, and thereafter the effect of 
the heavy reverse current will be so great that the breaker will 
be held in more and more strongly ; a second disadvantage is that 
should the supply fail, the breaker will open in any case, and have ■ 
to be reset before the supply can be resumed, though in certain 
cases, as, for instance where there is a motor load, this feature 
is an advantage and not a disadvantage, since the breaker acts 
as a no-voltage cut out as well as a reverse ciurent cut out. 

Reverse breakers, however, can be made positive in their action; 
that is, they can be so arranged that a reverse current exerts a positive 
pull on the tripping gear, so that the greater the reverse current, the 
greater the tripping effect. 

Ques. Wliat are time limit attacliments? 

Ans. Devices which are fitted to circuit breakers and which 
act as dampers and prevent the too sudden operation of the 
breakers on what may be only a temporary overload or reverse 

current. 

By having different time Hmits on feeder and dynamo breakers it can 
be ensured that the former operate before the latter, and suitably in 
other cases where it is desired that one breaker shall operate before 

another. 

Owes. Describe a U«v% VvKvVt ^tt^cSsLtwetLt. 

Ans. There are numetou?. \,nv^^» ^^ ^^^ ^tss^\. ^\. ^ ^^^f^- 
work device, a weVg\it ae^^vrv^ ox. ^ ^-.^ ^^>^ « V<^-^ 
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a modified dash pot arrangement, or a device operating by the 
expansion of a conductor due to the heat generated by a current 
passing through it. 

Ques. How should a time limit device be arranged ? 

Ans. It should be so arranged that the heavier the overload 
the quicker the device acts, until with a short circuit the device 
is almost instantaneous in its action. 




Fig. 403. — Diagram showing connections of a rheostat. The various re^stance coUs art) con- 
nected to brass buttons or "contacts." The rheostat is connected in series in the circuit 
that it is to control. In operation when the lever is on contact 1, the current is opposed 
by all the resistance of the rheostat so that the flow is very small. As the lever is moved 
over contacts J , 2, 3, etc., the colls a-e successively cut out, thus diminishing the resistance, 
and when contact 1 1 is reached all the rr- sistance is .short circuited allowing the full current 
to flow. In some types of rheostat the wire is wound around an iron frame-work which has 
been previously dipped into a fireproof insulating enamel. The advantage of this con- 
struction is that the heat from the wire is dissipated much more rapidly, so that a much 
smaller wire can be tised to carry a j^ven current.^ The size of such an enameled rheostat 
required for absorbing a given amount of energy is much smaller than one made of coils 
of wire itretched between an iron supporting tramework. 



Rheostats* — These devices consist of conductors inserted into 
a circuit for the purpose of diminishing, either constantly or in a^ 
variable degree, the amount of current flowing, or to develop 
heat by the passage of a current through them. Rheostats, de.- 
signed to be used in starting e\ecti\e Tcvo\,ot^ ^x^^^^q^^k^!^ ^^^ss^^ 
' starting boxes.*' 
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Ques. Describe the construction of a rheostat. 

Ans. In fig. 493, resistance coils, A, B, C, etc., are mounted 
in a frame or box, and are connected at intervals to the contacts 
1, 2, 3, etc. The rheostat arm or lever L is pivoted at S, and when 
moved over the contacts, inserts more or less of the resistance 
in the circuit thus regulating the flow of the current. One 
terminal M of the rheostat is connected to the first contact and 
the other tenninal O, to the lever at S. 




Pig. 494. — Startet with no voltage release for a series motor. A helical spring oofled around 
the lever pivot P. and acting on the lever A, tends to keep it in the off position against the 
stop S. This lever carries a soft iron armature I. which is held by the poles of the electro- 
magnet £, when, in starting the motor, the arm has been gradually foixed over as far as it 
will Ro. Should anything happen to interrupt the current while the motor M is running, 
E will lose its magnetism and A will be released, and will fly over to the off position. B is 
usually shunted by a small resistance R, so that only a portion of the main current flows 
throuKh it. This device constitutes the no voltage release, and ensures that all the resistaxice 
is in circuit every time the motor is started. 

Ques. How is a starting box connected to a motor? 

Ans. In series. 

Ques. Why should a starting box be used with a motor? 

Ans, If the line volla^e s\vo\i\dL \i^ la.T^v'^vA $^^5^^>5 \Rk ni^ws^ 
terminals of the armalure ^Vv^tv t^o\- Tvaxv^^xs^. ^x^ ^^^jr^n^^ 
Sow of current will ^es^^t, ot. acc^v^^* ol >.V^ V.-^ ^^^^-^-«- 



AUXILIARY APPARATUS 




. labomAtaF. The rtsiitance of R ii too imall to Bfl«t »^pi^d«bjy"th!. .. 

In P, whkh neceiMhlr coubsm of i mmnaratLvely IflTRe number of tumi of fine wire. Tho 
la udoptec] to render the breaking of the ihunt drcuit tinneceisiLry uid !• 
er bv tbe diagram fiK. 408. It»li " ■" " " ' .-..■- 

~ IB Ley or push if required. 




nnecejMiry uid It 
be provided with 
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Accordingly, to prevent injury to the winding, a variable resist- 
ance or starting box is inserted between one supply terminal 
and the armatiye so that the pressure may be applied gradually 
while the motor is coming up to speed. 




Pic. 4BT.— Surterwith 
Sh would I 



the switch l™ 

>pper brush C bears against the blocks B,-.— -^ 

tiBn throueb Che flplndle s. Should the supply voltaso fail, cither tefopor- 
— '- " — " — ■ nd L will fly off under the iCTHOn at « helkal 



affords a bettei path 



_ __ ..aix\.tK-ntv*--. 

tl Sg. <97. and which ahoald \ie candiifl-j BJtiiv™^ *««'**\- '^]^^ 
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Ques. What attachments should be provided on a 
starting box? 

Ans. An overload release, and a no voltage release. 
Ques. Describe these devices. 

Ans. The overload release is an electromagnetic drctiib 
breaker that opens the circuit if the motor become greatly 
overloaded. A no voltage release may consist of an electromagnet 
Li series with the shunt field circuit ; it holds the rheostat arm 




Pic 498.— Sim 



compDam] motor rU 



in the operating position as long as current flows through the 
shunt field from the line. If the line switch be opened or the shunt 
field circuit accidentally broken, the device becomes demagnetized 
and releases the arm, which returns to its starting position by 
the action of a spring. 

The general arrangement of switches, cut outs and starting 
boxes should be in accordance with the requirements of the 
National Electrical Code as follows: 

"Each motor and starting box mus\, V« v^ci^**'*^ '^'^ -^^t^shc ■ «< 
omt»o/ted by a switch, said switch v\aauM ■»^*''^^^^,,Si ***• * 
'off' The switch and rh»ioslat musA. ^ Vw^'ueA.'wNw* -w- 
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motor, except in cases where 
special pernussioii to locate 
ttiem elsewhere is given, ia 
writing b^ the inspection de- 

f.artmpnt having jurisdiction. 
"Where the tarcuit break- 
ing device on the motor 



this switch may be omitted. 

"Overload release devices 
on motor starting rheostats 
will not be considered to UUce 
the place of the cut out re- 

auired if they be inoperative 
uring the starting of the 

"The switch is necessary 
for entirely disconnecting the 
motor when not in use, and 
I the cut out to protect the 
motor from excessive cur- 
rents, or careless handling 
when starting. An automatic 
circuit breaker disconnecting 
all wires of the circuit, may, 
however, serve as both switch 
and cut out." 

Switchboards. — A 

switchboard consists of a 
panel or series of panels of 
slate, marble, soapstone or 
brick tile erected in an 
electric plant for the pur- 
pose of mounting in a con- 
venient group the instru- 
ments for controlling and 
distributing the current 
and safeguarding the sys- 
mew di » V«wv- %«\\R.ttya3.cds may 
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1. Direct control; 

2. Remote control. 

A direct control switchboard has all its apparatus mounted 
directly on the board and controlled by hand, while in the remote 
control type, the main current carrying parts are at some distance 
from the operating board, the control being effected by mechan- 
ical devices or by electric motors or solenoids. When the control 
system of a plant is very extensive, it sometimes occupies a 
separate building known as the switch house. 

Ques. What may be said with respect to the material 
for switchboards? 

Ans. In order to avoid danger of fire from short circuits, the 
panel shotdd be made of some non-combustible material, such as 
marble, slate, glass plates or earthenware tiles. If slate be used, 
care should be taken to have it free from conducting veins, or it 
should be marbleized, that is, subjected to a treatment that will 
fill up the pores of the veins and thus prevent the absorbtion of 
moisture. 

Wood is seldom used, except in cases where the switches, fuse blocks, 
wire supports, etc., are all mounted on porcelain or other incombustible 
material. 

Ques. How should the instruments and connections 
be arranged on a switchboard? 

Ans. They should be arranged so as to provide the shortest 
possible path for the current, and preferably always in the same 
direction, that is, from right to left or from top to bottom, the 
connecting wires being brought in on one side and out on the 
other, and the crossing of wires avoided as far as possible 

All wires and current carrying par\;& ^ovAiW^ V^e^\.^si^ ^^^^'^^^^Sl^ 
at all points to prevent acddentsa oohXacX. ot >2Qft VascL\j«i5k'*'=*^*^ 



428 




HAWKINS ELECTRICITY 



current where there is a great difierence of voltage. Such wires should 
be also kept at a sufficient distance from screw neads, metal brackets, 
gas pipes, water pipes, and other conducting bodies, in order to prevent 
acdaental grounds or short circuits. 

All instruments and switches should be placed so as to be conveniently 
accessible for observation and operation, and suffidently out of reach A 
accidental contact b^ persons; otherwise they should be protected by 
some form of insulating shield. 




Fig. 500. — Small switchboard suitable for two dynamos ; view showing ammeteni and volt> 
meters, switches, circuit breakers, etc 



Ques. What type of switch 'Is used on switchboards ? 

Ans. The '* knife *' switch. 

Ques. Describe a small switchboard. 

Ans, Fig. 600 shows oive ^\iVC^Jc\a lox V«o dynamos. At the 
top is a voltmeter and two arcvmeX^T^. \TaTw^^^5y^\i?^^'^^s.'5i. 
row of feeder switqb^^ ^^rnt^S ^.o ^xvxva^'^ ^^^ ^^^sR«oas^ si^e 




various feeders with and from the bus bars which are mounted 
behind the board. Below are two rheostat handwheels, and two 
large switches connecting the dynamos with tue bus bars. V S 
is a voltmeter switch connecting the voltmeter with various parts 
of the system. Below the voltmeter switch is a double throw 



no. Wl. — DiMcnm ihowing' 




d Toltmeter nritch of the mull (wilcbboMd 



switch to transfer the bus bars from connection with the dynamo 
switches to one with some other source of current such as a street 
circuit, in the event of a breakdown. At the bottom are two 
circuit breakers. 

Ques. Describe the voltmeter switch. 

Ans. Fig, 501 shows the connections, from which it can he 
seen that the voltmeter can be couuec\jei ■m'Ca. "Oaa. 'v^cro-ax-^^ *^ 
either dynamo or with the bus bais, ot NftOa. (stSojet %. «csW. "^ 
jvnjote part iatbe lamp dxcmHA. 
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Under ordinary conditions it remains connected to the circuit at the 
central point of distribution. When one dynamo is already in circuit, 
however, and it becomes necessary to connect up the other one, the volt- 
age of the latter must be the same as that at the bus bars. Accordingly 



Pig. SOI.— RoUa-Smlth. ainglt 




fDilheproUcIionordyni 
ion of tlu condition! of o| 






•reakn 



ii lully eip^r^iD fig. 401. ' 



iDlon and B.II other eia:tricAl appfirmtus vrhicb, 
BppBTAtEly far the protection of ft tingle *in 

Iwn nr mnr* wir^a nf nn^ drCUit, bccaBingia 

Tbs •etioQ of thb 



connections are provided to the voltmeter switch such that the attendant 
can compare the voltages al. \.\« 4^Tvama tennirtals and bus bars before 
closine the dynamo s-ritcK Kfi t'c* ^x'Ow^i ^jfomiwiwsQs. -tst «a one 
side o? the circle swept bv xbe wVwii aJA^ *»w^^<i'»«™**™- 
CO the o ' ide. 
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